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Plasma Proteins
D. JAMES HENDERSON, '64

INTRODUCTION
Plasma is known to contain :1 myriad of proteins, the exact nature of many of
which is as yet unknown. As a starting point, however, it is convenient to classify
plasma proteins operationally on the basis of electrophoretic mobility into a number
of heterogeneous fractions which are designated in order of decreasing mobility
as albumins, alpha-1 and alpha-2 globulins, beta-1 and beta-2 globulins, and gamma-1
and gamma-2 globulins. The gamma-1 globulin fraction is largely fibr inogen.

PROTEIN COMPONENTS OF PLASMA
1. Albumins

The proteins of the albumin fraction
may be identified on the basis of more
discriminating electrophoretic techniques
and ultracentrifugation as the following
three:
a) Crystalbumin, an easily crystallizable
compound containing tryptophane and
cystine among its amino acids.
b) Seroglycoid, which differs from crystalhumin in containing more tryptophane
and less cystine, and in the presence of a
carbohydrate component.
c) Mucoprotein, present in traces, comprising protein linked to an acid mucopolysaccharide.
The albumins are low molecular weight
proteins ( 69,000) of high electrophoretic
mobilities and display good buffering
properties.
2. Globulins

The globulins are in general much less
homogeneous than t he albumins.1 Their
separation into subgroups has been facilitated by a wide variety of techniques, perhaps the most important of which are
differential precipitation, electrophoresis,
should be remembered that the distinction between albumins and globulins, and indeed among
alpha, beta, and gamma globulins is operational,
and that proteins of similar gross solubility
characteristics or electrophoretic mobilities may
be vastly different with respect to their other
chemical and biological properties.
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ultracentrifugation, and immunochemical
procedures. On the basis of such studies,
globulins have been found to comprise a
large number of protein compounds most
of which can be grouped under one or more
of the following beadings.
a) Glycoproteins and mucoproteins
These are a group of substances in which
globulin protein is linked to a complex acid
mucopolysaccharide, the latter in tum comprised of hexose, acetylhexosamine, and a
derivative of a hexuronic acid. The term
glycoprotein has rather arbitrarily been assigned to those mucoproteins containing less
than 4% hexosamine.
Mucoproteins migrate with the alpha-1,
alpha-2, and gamma-2 globulins, but particularly with the alpha-1 subfraction. Those of
the gamma-2 subfraction are almost exclusively glycoproteins.
The plasma mucoproteins are often derived from the ground substance of tissue,
hence variations in their concentrations are
useful in presumptive diagnosis of certain
pathological conditions particularly those relating to tissue damage.
b) Lipoproteins
Lipoproteins, consisting of a water-soluble
globulin conjugated with various lipid moieties, are represented in the alpha-1, alpha-2,
and beta subfractions. In general, the beta
lipoproteins tend to be high in fat content
and of a large molecular weight (up to
1,300,000), whereas alpha lipoproteins are
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lower molecular weight. Since the specific
gravity of these compounds varies inversely
as the fat-content of the molecule, their separation has been possible by ultracentrifugation.
The lipoproteins contain phospholipid,
free and esterified cholesterol, especially the
latter, and triglyceride, and are particularly
important as vehicles for the transport of
fats and various fat-soluble compounds.
c) Proteim involved in blood clotting

Many of the factors instrumental to blood
clotting are plasma proteins migrating chiefly with the alpha-2 and gamrna-1 globulins.
These include prothrombin ( alpba-2 globulin) , fibrinogen (garnma-1 globulin) and
others-antihemophilic globulin and isohemagglutinins-which migrate with fibrinogen.
d) Metal-binding proteins

Transferrin is a metal-combining protein
of molecular weight 90,000 which migrates
with the beta-1 globulins. Its chief importance rests in its ability to associate with two
atoms of iron, thus function in iron transport. It is capable also of association with
copper, the latter complex, however, being
less stable.
The function of copper transport in the
body is effected largely by ceruloplasmin, an
alpha-2 globulin in which copper is an integral part of the molecule rather than a loosely
associated ion.

dothelial cells as sites of antibody production
is now interpreted by many as attesting to
the function of these cells in activation and
storage of antigen. It is felt by some that
the correlation between plasma cell proliferation and increased blood gamma globulin
in mutiple myeloma, together with much
further experimental evidence makes the
plasma cells the most likely of the four
possibilities.
f) Enzymes
Knowledge of plasma enzymes is incomplete. While the presence of many enzymes
is known, the physiological role they play is
obscure, for plasma does not have a functioning metabolism. Probably most plasma enzymes have little function in the blood, 2 but
rather have leaked out of the body cells.
Known plasma enzymes migrate with
alpha and beta globulins, and include serum
lipase, hypertensinogen, and a variety of
carbohydrases and esterases.
g) H ormones and Vitamins

Hormones produced by the pituitary, parathyroid, and pancreas have been found in
plasma, also estrogen carried by beta-lipoprotein. Vitamin A, and vitamin E have also
been found in beta-lipoprotein.
The hormones and vitamins are restricted
to the alpha and beta globulins.
TECHNIQUES FOR
PLASMA PROTEIN ANALYSIS
1. Estimation of Total Plasma Protein

e) A ntibodies

The antibodies are glycoproteins with
molecular weights in the region of 170,000,
and are mostly restricted to the garnma-2
globulin subfraction.
Various cells have been claimed to produce the antibodies, notably reticuloendothelial cells, polymorphonuclear leucocytes,
lymphocytes, and plasma cells. Considerable
controversy exists. Much of the evidence
previously thought to indicate the retiailoen-

46

a) Nitrogen analysis
The total plasma nitrogen is determined
by the Kjeldahl method and corrected for
the nonprotein component. Multiplication of
the protein nitrogen by a factor of the
order of 6. 7 gives the amount of plasma
protein, a figure which normally lies in the
neighbourhood of 7.0 to 7.5 grams per 100
mi. plasma..
2 Tbe

·group of very important enzymes concerned

·with ·.blood. clotting are .excepted .and have been
mentioned previously. . · . ·
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b) Specific gravity
Since the specific gravity of a plasma
solution is proportional to its protein content, the floatation properties of drops of a
sample of intact plasma in a series of solutions of gradually increasing density may be
used as an index of plasma protein content.
In practise, the solution used is copper sulphate, and the specific gravity of the plasma
is taken as equal to that of the copper
sulphate solution in which the plasma drop
is suspended in solution neither floating nor
sinking.
2. Analysis for Plasma Protein Composition
A detailed analysis of a sample of
plasma for content of specific plasma proteins reuires a vast array of tests, many
specific for a particular component. There
are, nevertheless, a number of tests which
are used more or less frequently clinically,
and are worthy of mention.

a) Procedrtres Based on Solubility Characteristics

There are a wide variety of procedures
by which proteins are precipitated out of
solution in accordance with their solubility
properties upon the addition of certain
solvents and / or electrolytes. Of historical
interest is the fact that the first distinction
between albumins and g lobulins was made
on the basis of solubility properties: proteins precipitating on half saturation of
plasma with ammonium sulphate were called globulins, those remaining in solution
were called albumins.
The Howe method, widely used clinically, uses sodium sulphate as the precipitating reagent, and designates the precipitates obtained at 13.5, 17.4, and 21.5 per
cent concentrations as euglobulin, pseudoglobulin, and total globulin, respectively.
The albumin remains in solution and may
be assessed by a nitrogen analysis of the
supernatant fluid. In the Howe method,
certain alpha globulins are precipitated
with the albumins.
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A more discriminiating analysis has been
performed by the Cohn method, a procedure of differential precipitation at low
temperatures with low salt concentrations
using increasing concentrations of ethyl
alcohol and variations in the pH of the
solution. By this method , Cohn was able
to obtain 5 major fractions of varying
heterogeneity which accounted for more
than 98 per cent of the total protein. In
addition to its use as a tool for analysis, the
Cohn method has been utilized in preparing various derivatives for clinical use such
as albumin for injections to counter shock
and hypoproteinemia, gamma globulin
rich in antibodies for treatment of viral
diseases, and fibrinogen and antihemophilic globulin for disorders of the blood
clotting mechanism.
b) Electrophoretic Proced11res
Tiselius in 1937 showed that in a medium
of plasma buffered at 8.6 in diethylbarbiturate, negatively charged protein molecules
migrated at different rates toward the
anode when an electrical potential difference was applied. The proteins thus became
separated into well-defined phases, and the
procedure was made quantative by optical
measurement of the index of refraction at
various points of the special U-shaped
apparatus. The refractive index varied
with the protein concentration of a proteincontaining phase. The classification of
plasma into albumin, and alpha, beta, and
gamma globulin was first made on the
basis of electrophoretic studies.
The method of paper electrophoresis is
a modification of the Tiselius principle;
its two chief advantages are <the simplicity
of the apparatus and procedure, and the
small amount of test plasma which is required for an analysis. The technique involves the application of a potential difference to the ends of a strip of filter
paper which is suspended over a glass rod ,
a line of serum having been applied near
the centre of the buffer-dipped paper. The
various protein fractions migrate over the
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specified time are made visible by an
appropriate staining procedure.
There exist many other electrophoretic
methods of plasma protein analysis too
numerous to describe. Much attention has
recently been focused, however, on a technique using starch gel as the supporting
medium, for this method permits high
resolution while retaining the low absorption characteristics of the starch block
method . The procedure employs starch gel,
buffered in borate at pH 8.5, placed in a
plastic tray designed to minimize temperature variation and evaporation. The sample
is commonly inserted into a slot in the gel,
either in an inert starch suspension or by
means of filter paper previous ly soaked in
sample solution. After electrophoresis is
completed, a longitudinal cut is made in
the gel and appropriate staining procedures
are employed . Amido black lOB is frequently used for gross proteins study.
Immunoelectrophoresis modifies certain
electrophoretic techniques to focus particular attention on the constituents involved
in immune reactions, notably most of the
gamma globulins. One such approach has
combined the starch gel supporting medium with a modified precipitin gel diffusion technique. Diphtheria toxin, separated into component subfractions electrophoretically in a starch gel medium, was
tested with commercial antiserum. Eighteen
lines of precipitate were recorded, corresponding to the number of specific antigenantibody reactions.
In general, albumin content as determined by electrophoretic methods differs
from that of conventional salting out
techniques in including no alpha globulin.
c) Nitrogen Analysis Procedures

One method of measurement of total
free alpha amino acid nitrogen depends
upon the fact <that alpha amino acids boiled
with ninhydrin at low pH evolve quantitatively carbon dioxide derived from their
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carboxyl groups. In practise, a precipitate
obtained when plasma is added to picric
acid solution is placed with ninhydrin in
an evacuated vessel, the latter then immersed in boiling water. The carbon dioxide produced is absorbed into sodium
hydroxide solution, and the pressure of the
gas evolved on subsequent addition of
lactic acid is measured by a manometer.
Appropriate calculations yield a figure for
content of alpha amino nitrogen as a
function of the pressure of carbon dioxide
from amino acid groups.
The method of nitrogen analysis obviously does not distinguish among different
proteins, hence this approach is useful only
when one wishes to know either the total
protein in a plasma sample, or the protein
remaining after known fractions have been
precipitated down. As an example of the
latter instance, nitrogen analysis is used in
conjunction with the Howe precipitation
test to assess the protein remaining in supernatant fluid after the globulins have been
precipitated by sodium sulphate. This protein
is assumed to represent albumin, although
significant amounts of globulin may also be
present.
d) Sedimentation
Under the action of strong centrifugal
forces in a centrifuge tube (up to 400,000
G) , particles tend to migrate down the
tube at a rate depending upon the size,
shape, and density of the particle. In such
a fashion it is possible to obtain from
plasma a number of boundaries denoting
protein-containing phases, the protein components of any one phase having similar
particle characteristics. Modern ultracentrifuges are equipped with optical systems
to record the positions of such boundaries
during the sedimentation runs, usually on
the basis of the different refractive indices
of the protein-containing phases.
Ultracentrifugation techniques are not
suitable for ordinary quantitative separation of plasma proteins, however they have
been widely used in special studies, partie-
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ularly studies of lipoproteins as noted
previously.

Albumin
Globulin
alpha-1 globulin
alpha-2 globulin
beta globulin
gamma-1 globulin
(fibrinogen)
gamma-2 globulin
(antibody)
A/ G Ratio

e) lmmunochemical Techniques

An approach to plasma proteins based
on immunochemical techniques has been
useful in the identification and to some
extent separation and isolation of certain
specific proteins. In particular, antibodies
have been separated from plasma samples
by precipitation with the specific antigen
and subsequent separation of the complex
to give pure antibody.
Immunochemical techniques are obviously rather restricted in their range of
application.

PATHOLOGICAL VARIATIONS IN
PLASMA PROTEIN DISTRIBUTION
As a prologue to the discussion of
plasma protein variations, it is convenient
to mention one additional class of proteins
which appears in certain diseases.
Cryoglobulins are a group of globulins
usually migrating with the gamma-2 subfraction and are formed occasionally in
various diseases involving the reticuloendothelial system, including kala-azar, lupus
erythematosus, rhumatoid arthritis, leukemia, lymphosarcoma, cirrhosis, and others.
These proteins may appear in the small
blood vessels as a flocculent or gel-like
precipitate; in such cases a characteristic
clinical syndrome is recognizable, and will
be mentioned further in connection with
essential cryoglobulinemia.
The following electrophoretic distribution of components of normal human
plasma is produced as a reference for the
subsequent discussion. Considerable variation in the pattern occurs from one
normal individual to another, and values
differ significantly according to the technique used for their estimation. Figures
are in grams per 100 ml. of plasma.
MARCH,

1961

3.9
3.1
0.4
0.6
0.9
0.5
0.8
1.2

Studies of plasma protein distributions
are useful as an aid to diagnosis, as an
adjunct in evaluating prognosis, and in
elucidating the pathophysiology of a condition. Reference will be made to some of
the more important clinical situations in
which a familiarity with plasma proteins is
useful. No attempt has been made to be
comprehensive.
1.

Primary Abnormalities of the Protein
Composition of Plasma

Four types of hypogammaglobulinemia8
will be mentioned, all characterized by a
failure to produce antibodies following
antigenic stimulation.
a) Congenital agammaglobulinemia, possibly transmitted to male offspring by a
sex-linked recessive gene. Evidence accumulated from a study of a small number of
families showed that ma:ternal uncles or
maternal male cousins of the case in point
frequently had died of presumably the
same cause; however, the appearance of one
female case suggests a complicating factor
as yet not understood. Congenital agammaglobulinemia is accompanied by an absence
of plasma cells in the body.

b) Acquired hypogammaglobulinemia, a
non-familial condition in which the ability
to synthesis gamma globulins is lost during
the lifetime of the patient. Levels of gamma globulin are of the order of 11 to 76
mgm. per 100 cc of plasma. The pathogenesis is not understood. (1959).
8 This

term refers to the gamma-2 globulins as
opposed to the gamma-! subfraction involved in
blood clotting.
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condition similar to acquired hyp ogammaglobulinemia resulting from malfunction of the reticuloendothelial system as a
complication of some other difficulty such
as leukemia, multiple myeloma, or irradiation. The absence of gamma globulin may
be overlooked in electrophoretic analyses,
because of the presence of an abnormal
paraprotein of similar electrophoretic
mobility.

in the plasma, transmitted by a single autosomal recessive gene, and resulting in increased G.I.T. absorption of copper and
increased d irect-reacting (albumin-carried)
copper in the plasma. Copper deposition
in tissue results directly in the symptoms:
cirrhosis of the liver, lenticular degeneration in the brain, and Kayser-Fleischer
rings in the cornea. Diagnosis may be
confirmed by special tests for plasma
ceruloplasmin.

d) Physiologic hypogammaglobrtlinemia of
infancy, a non-pathological state of low
gamma globulin frequently seen at age
three to four months; the supply of antibodies received from the maternal blood
via the placenta has dwindled and the infant
has not yet begun to manufacture its own.
Gamma globulin levels are of the order of
150 to 300 mgm. per 100 cc as opposed to
1000 mgm per 100 cc at birth.

Treatment has centred on m1n1mtzmg
copper intake, and promoting excretion of
tissue deposits of copper by cupriuretic
agents, notably penicillamine. Injections
of ceruloplasmin have proved unsuccessful.

Some form of hypogammaglobulinemia
should be suspected in a patient who suffers from repeated bacterial attack and
who has a total Howe globulin below 1.5
gm per 1 00 cc.
Patients suffering from hypogammaglobulinemia show a low titer ( below 1 :8)
of isohemagglutinins anti-A or anti-B
when the blood group is 0 , A, or B. A
recent immunochemical test for this condition consists of placing the serum of the
patient over the antiserum agar in a tube;
a band of precipitate in the agar after 24
hours indicates the presence of gamma
globulin in the patient's serum.
No treatment has as yet succeeded in
promoting antibody production in hypogammaglobulinemic patients, however antibiotic treatment of the bacterial infection is
often successful, and as a preventive measure
gamma globulin is administered intramuscularly monthly in dosages of from
0.6 to 1.0 ml. per kilogram of body
weight.
e) H epatolenticular degeneration (Wilson's
disease) , an abnormality of copper metabolism caused by absence of ceruloplasmin

so

f) Primary hypoalb11minemia, uncommon,
but of theoretical interest because of the role
of albumins in osmotic pressure relations.
g) Essential Cryoglob11linemia, an uncommon condi tion in which the presence of
cryoglobulins in the plasma is apparently
not associated with any underlying disease.
Cryoglobulinemia in general may be devoid of symptoms, or may demonstrate a
characteristic syndrome including intolerance to cold (as manifested by Raynaud 's
phenomenon), skin ulceration, and peripheral gangrene. ACTH has occasionally
relieved the symptoms by controlling the
inflammatory response to the peripheral
cryoglobulin precipitation.
h) Classical hemophilia, a hereditary disease characterized by a hemorrhagic tendency caused by a deficiency of antihemophilic globulin (AHG). The condition is
transmitted as a sex-linked recessive
character, the female carriers generally
showing no clotting defects.
The AHG deficiency undermines the
thromboplastin effect and leads to hemorrhagic diathesis from failure of the blood
to clot. Hemarthrosis, abdominal hemorrhage, and intracranial hemorrhage may
ensue. There is a marked prolongation of
the coagulation time with no abnormality
of the prothrombin time. A series of
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further tests are required
diagnosis.

to confirm

Measures for controlling hemorrhage
may be local, such as cold or pressure, or
systemic transfusion of fresh whole blood
or fresh frozen or lyophilized plasma.
Other types of AHG deficiency have
been reported but are inadequately understood. They suggest, however, that the
inability to produce AHG is not as simple
a matter as could be the case were only a
single sex-linked locus involved.
i) Congenital afibrinogenemia, a condition
also manifested by a hemorrhagic tendency
probably transmitted by a rare recessive
gene: sex distribution has been close to
three-quarters male in twenty-nine cases.
In the absence of fibrinogen, the polymer
fibrin and consequently the clot do not
form, consequently bleeding is unchecked .
Diagnostic measures include a qualitative
plasma coagulation test, quantitative measurement of plasma fibrinogen, electrophoresis, and various immunochemical
techniques. Typically, the clotting time and
the prothrombin time are prolonged indefinately. Bleeding is usually arrested by
intravenous transfusion of fibrinogen,
plasma, or whole blood, the replacement
effect lasting four to five days after
treatment.
There is a large number of other hemophilioid conditions, each due to deficiency
of a specific thromboplastic factor.
2. Infections, Acute and Chrome

Ac11te infections are frequently marked
by a decrease in albumin and an increase
in alpha globulin. During later stages, an
increase in gamma globulin may occur,
evidence of the production of antibodies
in an attempt to counter the infection. The
gamma globulin change can generally be
detected in the Howe total globulin increase. A typical case would be (by Howe
method) albumin 3.8, globulin 3.0 gm per
100 cc. Acute rheumatic fever, pneumonia,
typhus, acute streptococcal infections, arute
MARCH, 1961

malarial attacks, and typhoid are among
the conditions which might be expected to
cause the above-mentioned changes.
C-reactive protein, so named because of
the formation of a precipitate when added
to a solution of somatic C polysaccharide
of pneumococcus, is an abnormal protein
associated with the al bumin fraction of
serum. Its presence is typical in acute
rheumatic fever, subacute bacterial endocarditis, osteomyelitis, and other infections.

Chronic infections similarly display a
reduction in albumin, however, they differ
from acute infections in that increased
gamma globulin is typical of an established
case. The increment may be composed of
antibodies to the infection, or it may be
viruses themselves. Gamma globulin is
markedly increased in kala-azar, granuloma
inguinale, some cases of multiple myeloma,
and schistosomiasis, and is increased to a
lesser extent in cirrhosis of the liver,
sarcoidosis, and leprosy. Tuberculosis commonly shows moderate lowering of serum
albumi n, but rarely a pronounced rise in
globulins.
3. Coronary Occlusion
Myocardial infarction due to coronary
occlusion causes release of glutamic oxaloacetic transaminase into the blood
stream. The concentration of this enzyme
in the blood may double in twenty-four
hours and reaches a peak value of up to
eighteen times the normal within about
forty-eight hours. Spectrophotometry is
widely used clinically to assess the concentrations of this enzyme.
4. Multiple Myeloma
Analyses of plasma proteins have shed
some light on the pathophysiology of multiple myeloma, and are useful in diagnosis
of the condition.
This disease is marked by invasion of
bone by tumors (consisting of abnormal
plasma cells) followed by greater or lesser
disruption of the cortex and replacement
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myeloma tissue. Pathological fractures are
typical of later stages, especially compres·
sion fractures of the lower thoracic and
upper lumbar vertebrae.
Metabolic abnormalities are extensive.
The urinary excretion of Bence Jones proteins, a poorly understood group of proteins of low molecular weight, is a unique
characteristic of multiple myeloma, although it probably appears only in about
50 percent of cases. Total plasma protein
is above 8 grams per 100 cc in about 70
per cent of cases. Slightly less than half
the cases of one study demonstrated serum
globulin in excess of seven grams per 100
ml, with exceptional values as high as
eleven grams. The formol gel test is a
simple and reliable indication of general
hyperglobulinemia.
Hyperglobulinemia of multiple myeloma
differs from that of many other diseases
in that usually either euglobulin or one of
the two pseudoglobulins is increased alone,
rather than two or more of these fractions
in fairly uniform proportion. Elaboration
of this line of reasoning proves useful in
differential diagnosis since a variety of
tests have been devised to study the precise
nature of protein increases in a hyperglobulinemic condition (cephalin flocculation, thymol turbidity, Takata Ara, and
others).
Cryoglobulinemia commonly manifested
by a hemorrhagic tendency and purpuric
skin lesions is most frequently encountered in patients with multiple myeloma,
but it is rare even here.
An electrophoretic component sometimes
present in cases of multiple myeloma, of
the mobility of gamma-1 globulin (fibrinogen), has been designated as the Mcomponent, however, its existence as a
separate fraction is questionable.

Chronic protein deficiency may result
from prolonged reduction of protein intake in the diet, or from interference with
the gastro-intestinal absorption as in certain diseases. Conditions leading to abnormally high loss of protein from the body
such as kidney disease and burns, or to
increased protein breakdown, such as cancer, leukemia, and necrosis may also lead
to protein deficiency. Serum albumin
levels in cases of the nephrotic syndrome
may fall below one gm per 100 cc.
That the liver is the chief site of
albumin synthesis is reflected in the low
Howe-albumin common in advanced liver
cirrhosis. Hypoalbuminemia may also result from acute and chronic infections. A
nonpathological reduction of albumin of
up to one gram per cent occurs in pregnancy; also, the over-all level of serum
protein, including albumin, is low during
the first year or ~two of life.
The low molecular weight of albumin
(69,000) renders this protein especially
efficient in maintaining plasma colloid
osmotic pressure: typically, four fifths of
the total pressure results from albumin.
Pronounced reduction of plasma albumin,
therefore, markedly lowers colloid osmotic
pressure and an excess of fluid from the
capillaries collects in the 'tissue spaces.
This is edema, a common complication of
severe burns.
Hypoalbuminemia may be countered by
administering serum albumin intravenously; alternatively, dextran made by bacteria,
or polyvinyl pyrrolidone are of molecular
weight similar to that of albumin and may
serve as substitutes.
6. Other Conditions Affecting Globulins

5. Other Conditions Affecting Albumins

The majority of diseases are accompanied by some increase in serum globulin.
An increase in alpha globulin usually
accompanies a decrease in se.r um albumin.

Hypoalbuminemia is, in general, a consequence of either chronic protein defi-.
ciency. or (mpairment of protein synthesis.

Cirrhosis of the liver is usually accompanied by a marked increase of gamma
globulin, some increase in beta globulin,
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as well as the decrease in albumin mentioned above. Some elevation of gamma
globulin is typical of many infections, and
large increments are common in lymphogranuloma venereum , sarcoidosis, and
kala-azar.
High serum mucoprotein levels are not
uncommon in inflammatory or proliferative
diseases, and are of some diagnostic importance in tuberculosis and lymphosarcoma. On the other hand, liver cell injury,
as in viral or toxic hepatitis or cirrhosis,
usually lowers the mucoprotein leveL
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A cellular normoblastic marrow suggests
hemolytic anemia; one with a few cells
and those mostly lymphocytes, monocytes,
and plasma cells suggests an aplastic type
of anemia. Hypoplastic marrows can occur
in myxedema and renal failure anemia. In
primary thrombocytopenic purpura, the
marrow shows increased normoblastic activity and megakaryocytes. The secondary
types due to, for example, aplastic anemia
and leukemia have characteristic pictures.
Secondarily infiltrating cells from malignant
tumors occur in marrow smears.
This may be done as an outpatient procedure. The sternum is the best site in
adults; the iliac crest for children under
15; the shaft of t he tibia ia infants under
6 months.
Eugene M . Biagioni, '61
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Pathological Fluids
of the Serous Cavities
DORA ANN STINSON, '63

INTRODUCI'ION
An abnormal accumulation of fluid in the cells, tissues, and spaces of the body
is defined as edema. It may be caused by conditions which interfere with the
norm al movement of blood, tissue fluid, and lymph throughout the body, or
which disturb th e mechanism of fluid balance. Edema fluids, collecting in th e
serous cavities, may easily be withdrawn for clinical examination and for diagnostic purposes. The following discussion of pathological flui ds is thus restricted
to a study of these fluids.

DEFINITION
An excessive accumulation of an abnormal fluid which is inflammatory in origin
is termed an exudate; if non-inflammatory,
it is known as a transudate.
MECHANISM OF PRODUCTION
The serous cavities normally contain a
small amount of fluid . This may be increased in amount under conditions such
as the following.
1. Abnormal permeability of capillary en-

dothelium.
2. Increased capillary blood pressure.

3. Decreased
pressure.

plasma

colloidal

osmotic

4. Obstruction to the flow of lymph.
Excessive transudation into the serous
cavities gives rise to hydropericardium,
hydrothorax, ascites etc.
An inflammatory exudate results from
local injury to cells and tissues by microorganisms, mechanical or chemical irritants
or sensitization to a foreign protein. Injury may cause the release of certain substances such as "H substance" or leukotaxin which increase capillary permeability.
Inflammation of the serous cavities gives
rise to pericarditis, pleuritis, and peritonitis. The exudate of the inflammation may
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be serous, fibrinous, purulent or hemorrhagic, or a combination of these.
CO MPOSITION OF TRANSUDATE
AND EXUDATE
The physical examination of the fluids
is generally sufficient to differentiate between transudate and exudate:
1. Color:

Transudates are usually light yellow,
but are darker if <the bilirubin content
of the plasma is high. If chyle is present,
the transudate will be a milky green.
Exudates vary considerably depending on
the process of formation . If serous in
nature, they are light yellow to dark
brown ; if hemorrhagic, dark to reddish
brown; if purulent, white to yellow. Certain bacterial infections may give a charac·teristic color, exudates of pseudomonas
infections being bluish-green, while tuberculous exudates are grayish.
2. T,u rbidity:

Transudates are generally clear, but may
be slightly cloudy due to the presence of
mesothelial cells, or turbid due to the
presence of chyle. Most exudates are turbid due to the presence of leukocytes,
possibly erythrocytes and fat droplets.
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3. Coagulability:
Transudates rarely show coagulation unless they are chyliferous, or occur during
neoplastic processes. Exudates usually coagulate very quickly unless the fibrin has
been destroyed by bacterial or cellular
enzymes.
4. Specific Gravity:

Transudates usually show a specific
gravity between 1.006 and 1.015, while
exudates, due to their great content of
protein, have a specific gravity of over
1.020. Occasionally transudates of neoplastic processes or occurring in diabetes
show a hig her specific gravity.

CHEMICAL EXAMINATION
1. Protein:

Transudates usually show a low content
of protein, less than 30 g./litre, while exudates show a content of 30 or more
g./litre, due to the higher concentrations
of proteins. However, chronic inflammatory processes tend to give lower
protein values of 15 - 20g./litre.
2. Glucose:
The transud ate glucose level is usually
the same as that of the plasma whereas
exudates generally show a lower glucose
content due to the glycolytic activities of
bacteria and inflammatory cells.
3. Lipids:
Transudates are generally deficient in
neutral fats and fatty acids unless chyle
is present, whereas the capillaries of inflammation are generally permeable to
lipids.
4. Minerals:
Chloride levels of the transudate are
higher than the plasma chloride levels,
although chloride levels of the exudate are
the same. The calcium, magnesium, and
potassium levels are slightly higher in
MARCH,
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exudates than in transudates due to the
higher protein level. The phosphorus level
of both is equal to that of the blood.

BACTERIOLOGIC FINDINGS
Smears, cultures, and animal inoculations
may be made from the fluids. Bacteria are
seldom seen in transudates, but exudates
usually yield streptococcus, pneumococcus,
tubercle bacilli, or other organisms unless
the inflammation is caused by mechanical,
or chemical agents, or by sensitivity to
foreig n protein and is sterile.

CYTOLOGIC EXAMINATION
There are few cells seen in the transudate; these are mainly mesothelial cells
with occasional lymphocytes. Large numbers of cells are seen in the exudate; the
actual count is not as important as the
differential count for diagnosis :
a. Chronic processes show a high percentage of lymphocytic cells.
b. Acute infections show a high percentage of polymorphonuclear leukocytes.
c. Eosinophils are of little significance;
they may be associated with allergic
diseases, or parasitic infections.
d. Tumor cells may be seen in the fluid,
although they may be confused with
macrophages and mesothelial cells after
these have undergone metaplasia attributable to inflammation rather than
neoplastic stimuli.
The examination of cells in serous effusions is of distinct value in confirming
or ruling out suspicions of tumor. It does
not assist in early detection of malignant
growth, since these are already far advanced when cells are exfoliated into
these effusions. However, the determination of the types of tumors found in
smears of these fluids, as well as their
probable site of origin may be possible
after special study.

--Pathological Fluids of the Serous Cavities-------TYPES OF TRANSUDATES
Among the common causes of transudation
are:
A circulatory deficiency
and passive congestion result in venous
distension and increased hydrostatic pressure
within the capillaries. If this is greater than
the osmotic pressure of the plasma colloids,
transudation may occur into the tissues and
serous cavities. The fluid has a high protein
count.
1. Cardiac edema:

2. Portal cirrhosis may cause obstruction to
the portal circulation with a resulting congestion in the tributaries of the portal vein,
and transudation into the peritoneal cavity
producing ascites.

3. S11bac11te giomerfllonephritis gives rise to
massive albuminuria which may lead to a
reversal of the albumin-globulin ratio. When
the plasma protein osmotic pressure is reduced to 3 g./100 ml. or less, the hydrostatic pressure of the blood is unopposed so
that fluids tend to accumulate in the tissues
and serous cavities.

1YPES OF EXUDATES
1. Inflammation of the pericardium is
usually rheumatic in origin; increased capillary permeability is due t o tissue sensitivity. There is a scanty serous exudate, but
a thick fibrinous deposit on both visceral
and parietal layers.

2. Inflammation may be due to bacterial

infection which may enter the synovial
cavities by hematogenous dissemination,
lymphatic extension from adjacent organs,
by direct rupture into the cavity, by penetrating wound, or via the Fallopian duct
into the female peritoneum. Common
organisms include the pneumococcus,
streptococcus, tubercle bacillus, E. coli, and
treptococcus fecalis.
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3. Mechanical or chemical damage to the
serous membrane may give rise to a sterile
inflammatory edema.
4. There is always a fibrinous exudate over
an area of infarction .

PATHOLOGIC PHYSIOLOGY
The accumulation of fluids is disturbing
to physiologic function: fluid in the pericardia! or pleural cavities may embarrass
cardiac or respiratory movements, and
ascites may distend the abdomen to make
breathing difficult.
The edema fluid is also prone to infection: the albuminous fluid is a good culture
medium , and the impaired circulation lowers the resistance to infection.
Exudates are often followed by adhesions which may cause strictures, and
constriction. Transudates of long duration
lead to proli feration of fibrous tissue.

CONCLUSION
The pathological accumulation of fluids
may be secondary to other disorders of
greater importance, or due to local infection or injury. Examination of the
fluid may be useful in the diagnosis and
determination of treatment.
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Osteoporosis
ROBERT GEORGE, '62

INTRODUCTION
Osteoporosis, or defective osteoid formation, is a disease characterized by
defective function of the osteoblastic cells of bone which form osteoid; inadequate
protein uptake and synthesis; excess protein breakdown; and absence of vitamins
and other factors more specifically affecting osteoid formation. Osteoprosis is
not due to disturbance in calcium or phosphorus metabolism.

CLASSIFICATION
1. Congenital

a) Osteoporosis Imperfecta
2. Inadequate Stimulation (stress and strain)

a) Disuse Atrophy
3. Degenerative
a) Senile Osteoporosis
4. Nutritional
a) Malnutrition (especially protein)
b) Vitamin C Deficiency
c) Vitamin A Deficiency
5. Endocrine
a) Postmenopausal Estrogen Deficiency
b) Androgen Deficiency
c) Hyperthyroidism
d) Adrenal Hyperfunction (Cushing's
disease) and chronic corticoid therapy
e) Acromegaly
6. Idiopathic
1. CONGENITAL

Osteogenesis lmperfecta
Etiology

This disease is a dominant genetic characteristic and is inherited from one generation
to another. Osteoblasts are present in adequate amount but do not produce sufficient
matrix. The bone is also brittle.

The blood vessels, fascia, periosteum and
subcutaneous tissues are very pliable.
Fractures occur on mild trauma.
Diagnosis

Diagnosis is usually based on past family
history, x-ray evidence of decreased bone
mass and normal serum levels of Calcium
and Phosphorus. Serum alkaline phosphatase
is moderately raised due to some increase in
the number of osteoblasts. Urinary levels of
calcium and phosphorus are normal.
Treatment

A diet high in protein is given. Androgen and estrogen are given to promote
positive calcium balance and nitrogen
retention .
Prognosis

The disease may be so severe as .to be
incompatible with life. A tendency for
improvement occurs on attaining adult life.
Otosclerosis may appear at this time.
Therapy will attain positive calcium balance and clinical improvement in these
individuals.
2. INAD EQ UATE STIMULATION
Atrophy of D isuse
Etiology

Clinical Manifestations

There is general disturbance of mesenchymal tissues . The sclerae are thin and
blue, and the choroid vessels show through.
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Stress and strain is a direct stimulant
to osteoblastic activity. When this stimulus
is lacking, osteoblastic function is greatly
decreased and little matrix is laid down.
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--Osteoporosi.)------- -- - - - - - - - -- - - - Bone resorption continues unabated and
much of the calcium that was present is
lost. The loss from both these fac tors is
2-4% of the total body calcium in 5-6
weeks.
Clinical Manifestatiom

This disease is most often seen after
fractures or in the bed-ridden and immobilized patient. Other forms of osteoporosis may be complicated by atrophy
of disuse. Spontaneous fractures may occur.
Diagnosis

The disease is detected radiologically.
It can be detected by the Sulkowitch test

as hypercalcuria may be the sign of impending osteoporosis of disuse.
Therapy

Treatment consists mainly of physiotherapy, where possible, to provide some
stimulus to osteoblastic activity in the bedridden patient and the fracture patient.
Care should be taken by the fracture patient to avoid excessive <trauma to the
bones until they agai n achieve their
max imum strength.

3. DEGENERATIVE OSTEOPORISIS
Senile Osteoporosis
Etiology

The cause of senile osteoporosis is
uncertain. Reduced gonadal funct ion is
thought to be the cause. The condition is
more common in the female. Osteoporosis
in a female past the age of sixty-five is
said to be senile osteoporosis.
Clinical Ma11ifestations

Spontaneous fracture is seen.

sixty. The marrow shows atrophy and
absence of osteoid borders and oil cysts
in long bones due to liquifaction of the
farty marrow.

4. O STEOPOROSIS DUE TO
NUTRITIONAL DEFICIENCY
a) Malnutrition
Etiology

Protein is especially important for the
formation of bone matrix. Osteoblasts cannot lay down matrix unless protein is
present.
Diagnosis

Diagnosis is made primarily on the basis
of radiological findings of decreased bone
mass. The physical features of malnutrition
are sufficient to indicate the cause of the
osteoporosis.
Treatment

Adequate protein in the diet is the
primary treatment. Calcium, phosphorus
and vitamin D are of help because they
decrease bone resorption .

b) Vitamin C Deficiency
Etiology

Vitamin C is necessary for formation
and deposition of collagen in bone matrix.
Osteoblastic activity is decreased as evidenced by decreased serum alkaline phosphatase.
Cli11ica/ Manifestatiom

Spontaneous fractu re is usually seen.
Diagnosis

The osteoporosis is evident radiologically.

Diagnosis

c) Vitamin A Deficiency

This condition is a physiological result
of the aging process. It is seen radiologically in fifty percent of people past age

Lack of vitamin A causes reduced activity of osteoblasts. Compact bone formation
is arrested while appositional bone forma-
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tion continues. The bones are thicker and
altered in shape. Bone density is decreased .
This change is rarely seen as vitamin A
deficiency is difficult to produce.

5. ENDOCRINE DISORDERS
a) Postmenopausal Estrogen Deficiency

Etiology
All women at menopause have decreased
estrogen production but not all develop
clinical osteoporosis. Therefore, dietary,
hormonal or other factors must play some
part. Fifty percent of postmenopausal
women show evidence on x-ray of decreased bone mass but only ten percent
will have symptoms. Postmenopausal osteoporosis is the commonest cause of systemic
bone disease.

Clinical Manifestations
Weakness, anorexia and general signs
of estrogen deficiency are seen. The
spine and pelvis are usually involved and
rarely the skull. The commonest feature
is pathological fracture. Binding of the
bones is not as common as spontaneous
fracture. Much deformity can result without symptoms.

Diagnosis

patient how to avoid excess strain are
important.
Specific therapy consists of androgen
estrogen therapy (minimal side effects and
maximal bone effects) . Calcium retention
is greater than either will cause alone.
Androgen causes nitrogen retention.

Prognosis
The result is relatively good but may
take from five to ten years due to marked
changes present before treatment is sought.
Fractures heal better, pain is relieved and
bone mass increases with therapy. However, the initial crippling and deformation
are not undone.

Other Estrogen Deficiency States
1. Congenital ovarian agenesis

2. Lack of pituitary gonadotropins
Delayed union of the epiphyses is seen iu
the acute case. Chronic cases are similar
to postmenopausal osteoporosis.
b) Androgen Deficiency

Etiology
Androgen has a protein anabolic effect.
In androgen deficiency insufficient protein
is available for matrix formation .

Serum alkaline phosphatase, calcium and
phosphorus are normal. Hypercalcuria is
present in acute cases.

Clinical Manifestatiom

The history is t hat of a postmenopausal
woman more than sixty-five years of age,
with x-ray evidence of decreased bone mass,
complaining of a pain in the back.

Diagnosis

Spontaneous farcture is seen.

A history or evidence of renal calculi
may be present. Response to therapy is
an additional guide.

The osteoporosis is diagnosed radiologically. Blood and urine chemistry is normal for calcium, phosphorus and alkaline
phosphatase.

Treatment

Treatment

General therapy consists of high ;protein
and fluid intake. Braces to support the
back and physiotherapy to teach the

Androgen or androgen-estrogen mixtures are used with good results on a long
term basis.
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--Osteoporosis--------------------c) Hyperthyroidism

Treatment

Etiology

Androgen-estrogen
drug
mixtures
should be given prophylactically and
therapeutically. A high protein diet may
be of help.

Insufficient vitamin C and protein intake are unable to cope with increased
catabolism of protein for energy. Protein
is then removed from bone matrix.

e) Osteoporosis of Acromegaly

Clinical Manifestatiom

Etiology

D eformation and fracture of the bones
may be seen in severe and long standing
cases.

Several factors may be invol ed. Hyperadrenalism, hyperthyroidism, hyperparathyroidism and hypogonadism have all
been postulated as causes because an eosinophil tumor of the pituitary will cause all of
these effects in acromegaly. Administration
of gonadal hormones will cause calcium
retention in acromegaly.

Diap10sis

This condition is noted radiologically.
Treatment

The primary treatment is that of hyperthyroidism. Increased protein and vitamins
in the diet are of some help.
Progtwsis

Treatment of the hyperthyroid condition
will improve the osteoporosis. Defo rmation wi ll persist.

Clinical and Laboratory Manifestations

Spontaneous fractures due to mild
trauma are seen. Hypercalcuria and elevated serum inorganic phosphorus are present. All other laboratory tests involvng
calcium, phosphorus and alkaline phosphatase are normal.
Therapy

d) Adrenal
Disease)
Therapy

Hyperfunction (Cushing's
and Chronic Corticoid

Etiology

Glucocorticoids cause an increase in
gluconeogenesis, converting amino acids
and fatty acids into glucose. Excess glucocorticoids cause decrease in bone matrix
through depression of protein synthesis.
Stress may also increase adrenal cortical
hormone secretion.
Clinical Manifestations

Hypercalcuria and spontaneous fractures
are noted. Osteoporosis of Cushing's
disease is one of the most severe forms of
osteoporosis. Patients with Cushing's dis...eJlSe or who are on long. term glucocorticoid therapy should be follo~ed by means
of the Sulkowitch test to detect hypercalcuria.
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Androgen-estrogen drug mixtures are
the treatment of choice.

6. IDIOPATillC OSTEOPOROSIS
The cause of this condition is unknown.
The only therapy which caused a positive
calcium balance was intravenous administration of serum albumin. Other forms
of therapy have been of no benefit.
SUMMARY OF POSITIVE FINDINGS
The symptoms are that of pain in the
back or in other bones due to fracture
and weakness. Osteoporosis usually presents the clinical picture of spontaneous
fractures. Asymptomatic cases are diagnosed radiologically by a decrease in bone
density. Except for hypercalcuria in some
t:ypes, osteoporosis usually shows normal
blood ·and. urine tests for calcium, phosphorus and alkaline phosphatase.
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CONCLUSIONS
Osteoporosi may be treated effectively
when diagnosed in most of the conditions
listed above. It is important to realize,
however, that if osteoporosis is kept in
mind as a possibility in these diseases,
it can be averted or g reatly lessened in
many cases with prophylactic androgen-

LATEX-FIXATION REACTION IN
NONRHEUMATIC DISEASES
E. Dresner, P. Trombly, New Eng. J. Med.
Vol. 261, Nov. 1959.
The authors have studied the incidence
of positive Latex-Fixation reactions in
nonrheumatic diseases. 140 normal subjects, 258 patients with rheumatoid arthritis
and other rheumatic disorders and 404
with various nonrheumatic conditions were
studied. The 140 controls gave negative
reactions and those with rheumatic disease
all gave positive results. 127 of the 404
MARCH, 1961.

estrogen therapy and a high protein and
vitamin diet.
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cases gave positive results with 115 (90 % )
in serum from three major disease groups:
chronic liver disease, viral infections and
syphilis. The remaining 10% were from
miscellaneous disorders. The factor responsible for the test is a circulating
macrogammaglobulin which combines with
the F 11 reactant coating the latex. The
reaction is competitively inhibited by an
excess of normal, low molecular weight
gamma globulin. The reaction does not
take place in the presence of abnormal
gamma globulin of low molecular weight
as in multiple myeloma..
Eugene M. Biagioni, '61
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Anticoagulant Therapy Its Use and Laboratory Control
ROBERT A. MENGEBIER, '62

INTRO DUCriON
The anticoagu lant dr ugs are used to prevent thrombus formation, limit the
extension and aid in the resolution of a thrombus which bas already formed ,
and, possibly, to facilitate the process of recanalization (1~} .
The control of anticoagu lant therapy is largely dependent upon clinical
laboratory tests. These are subject to sampling and technical error, and controversy ex ists as to which procedures should be employed. The reason for this
controversy is the inability to thus far relate the changes in clotting to the actual
prevention of thrombosis ( 13 ) . As more information is obtained about the
chemical reactions and morphological patterns of the coagulation process,
clarification of this problem will proceed.

THE COAGULATION SYSTEM

ANTICOAGULANT T HERAPY

The probable pattern of thrombus formation involves a complex series of steps
many of which are but grossly understood. It is necessary to think of the
clotting system in dynamic terms, i.e., a
number of pro-and anticlotting factors.
T hus in coagulation, "an extensive set of
interlocking processes exist in what is
quite evidently a poised equilibrium such
that a displacement of the equilibrium in
the proper direction leads to a rapid autocatalytic development of the clotting enzyme thrombin from its inactive precursor
prothrombin". "The explosive develop·
ment of thrombin swamps out, locally, all
of the anticlotti ng mechanisms and a clot
develops, the latter being the result of a
change in <the structure and in the state
of aggregation of the protein fibrinogen,"
i.e. to fibrin (25) . A number of entities
are required for the conversion of prothrombin to thrombin, the process apparently
being triggered by the clumping and
fusion of platelets (13). Three of the entities involved wh ich are affected by anticoagulant drugs are factor VII (proconvertin) , factor IX ( Christmas factor) , and
factor X (StJ.Iart-Prower factor) (1 6).

Heparin
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Heparin is expensive and must be given
by frequent parenteral injections. It has
rapid excellent anticoagulant properties,
however, apparently acting as an antiproth rombin antithrombin, and antithromboplastin drug (1) . O verdosage is
less serious than that seen with the coumarins since heparin has a short-lived action
and its effects may be readily corrected by
whole blood transfusion or protamine
sulfate injection.
Coumarin Derivatives
The coumarin derivatives include such
commonly employed drugs as D icumarol,
Tromexan and Warfarin. They are oral
anticoagulants (Warfarin may also be
given parenterally) and are relatively inexpensive. T heir actions include depression
of prothrombin formation, factor VII,
factor IX and factor X activity, and
th romboplastin formation (1, 2, 16) .
The time required to reach therapeutic
levels with the coumar ins varies, usually
taking from two to four days. If antithrombotic protection has to be given immediately, hepar in may be used coinciden-
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tly t hrough the coumarin induction phase.
The dosage necessary for maintenance
levels varies and a change in response to
a specific dosage is possible. A patient may
go out of control with a serious bleeding
tendency or an even more serious clotting
tendency (15) . It is, therefore, imperative
that each patient be individually treated
and that laboratory tests be carried out on
a regular schedule. A hemorrhagic diathesis can be counteracted by the administration of vitamin K and / or whole blood
transfusion .
lndandione Drugs
The indandione drugs are very similar
to the coumarin derivatives . Phenindione
is frequently employed and a new member,
anisindione (Miradon), has received excellent reports in its early trials (7).
Uses

The use of anticoagulants is generally
accepted in cases of acute thrombophlebitis, pulmonary embolism, myocardial infarction, atrial fibrillation and certain
surgical procedures.
Long-term therapeutic use of oral anticoagulants particularly following coronary
thrombosis has been advocated by some
in the face of doubts and criticism. The
Brtish Medical Research Council report
in 1959 (26) as well as other studies (3,
14) has given support to this procedure.
Other reports are not as favorable (10)
and further study is required.
Contraindications
The use of anticoagulants is contraindicated in severe liver or renal disease, following CNS trauma, in those individuals
with a bleeding disorder, and when adequate laboratory control is not available.
Furthermore, " It is incumbent upon the
physician who plans to offer this form of
therapy to his patients to gain a detailed
knowledge of the pharmacology of anticoagulants and of the laboratory techniques
MARCH,
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used to measure their effeds" (20). Some
understanding on the part of the patient
concerning the therapy is also obviously
desirable, particularly in long-term (and
thus usually outpatient) treatment where
early recognition of hemorrhage is essential.
LABORATORY CONTROL
A number of methods have evolved for
the control of anticoagulant therapy.
Among those frequently emphasized are
Quick's one-stage prothrombin time (18) ,
the Link-Shapiro modification of this test
(21) in which the prothrombin times of
undiluted and saline-diluted plasma are
measured , the two-stage prothrombin
method of Ware and Seegers (24), the " P
and P" method of Owren and Aas (17) ,
Owren 's Thrombotest (16), the Lee-White
whole blood clotting time (9), the Standard Clotting Time of Mayer (12) , and the
heparin tolerance test (22) . Regard less of
the method employed, it must be recognized by both physician and technician
that the analyses avai lable measure all or
parts of a biological system and not a
single chemical entity. Consideration must,
therefore, be paid to the coagulation system components from the blood vessel to
the laboratory report if a result indicative
of the in vivo activity is to be obtained.
Certain of the procedures will be considered.
Lee- White Whole Blood Clotting Time

No laboratory control for the administration of heparin is usually needed . When
a laboratory test is desired, however, the
Lee-White clotting time is usually employed . Results of two to three times
normal are desirable. This test, as it is
usually done, was found to be inadequate
for the control of the coumarin drugs
shortly after their discovery (27) .
Standard Clotting Time of Mayer
This procedure, which needs some special equipment, uses capillary tubing but
requires t he withdrawal of 5-8 ml of
blood . It has been carefully standardized to
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--Anticoagulant Therapy-Its Use and LAboratory Control--eliminate the many possible sources of
error and in the hands of Mayer and
Connell has been highly reproducible and
reliable (5, 12). They believe it to be
safer and better than the one-stage method
of Quick. To date, there has been no careful clinical trial published showing this
test t o be supe,ior, however.

measures factor VII activity. Since the
coumarin drugs also affect other parts of
the coagulation mechanism, all of which
may predispose to bleeding, the test relies
on a reasonable correlation between factor
VII reduction and the other effects. There
is, in fact, a rather poor correlation between the test and bleeding according to
some (2) .

One-Stage Prothrombin Time of Quick

The proper method of reporting results
has also led to confusion. The practice of
preparing a dilution curve with barium
sulfate plasma (or even worse, saline), and
converting the patients' time in seconds
to a per cent value is meaningless. True
dilution curves are possible but not with
these diluents since simultaneous reduction
of fibrinogen and other factors leads to
unreliable results. A second method of
reporting results is as an index (100 x
normal plasma in seconds + patient's
plasma in seconds); this result bears no
relation to the dilution curve method but
too often the results are also expressed as
"per cent" without stating the method of
arriving at the figure. Another procedure
utilizes a direct ratio, i.e. patient's <time
in seconds ...;- control time. This is the
only one which appears to be accepted (2,
20) other than simply reporting patients'
time in seconds and control in seconds.

This has been and will likely continue
for some time to be the most commonly
used test for the control of coumari n and
indandione therapy. Widespread replacement by another test (e.g. see Thrombotest below) will only occur if convincing
proof is given that the new method is truly
a practical improvement.
The one-stage prothrombin time requires
a well-trained technician in a good laboratory if continuously valid results are to be
obtained . This requirement holds fo r all
the modifications as well since similar
significant sources of error are found in
all the methods.
The test has been widely criticized.
Quick h imself answers some of these very
well in his own text (19): "The one-stage
test ... is empirical as are nearly all the
other common tests of hemostasis. It is for
this very reason that strict standardization
is indispensable and that the numerous
modifications of the original method have
added little except confusion and inaccuracy." (But note Owren's method below).
" It is certain that most of the difficulty
has arisen from failure to employ the
standard thromboplastin reagent. The
recommendation to substitute Russell viper
venom for rabbit brain was most unfortunate since it makes the determination of
prothrombin by the one-stage procedure
quite unreliable and has led to disastrous
results." Further startling information
about commonly used commercial thromboplastins can be found in other sources
(4, 8, 20) .
Other criticisms are not as easily overcome. The one-stage method primarily
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P and P Method of Owren and Aas
This procedure measures prothrombin and
proconvertin (factor VII) levels. It is a
dilution method but the prothrombin-free
plasma (ox plasma) used for dilution is high
in factor V and fibrinogen. Although safer
and more sensitive (than Quick's method) ,
it does not take account of factors IX and
X . It requires special and complicated reagents and is relatively difficult (ll ).
Toohey (23) concluded that while the
P-P method was better for getting a patient
onto the anticoagulant regimen, Quick's
method was just as good fo r outpatient
use. The same author rated <the procedure
as clinically better than the two-stage
method of W are and Seegers (which in
addition is quite difficult to perform) . To
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date, no careful clinical trial has been
published to support the opinions that
rt:his method should replace Quick's test.
Thrombotest ( Owren)
Thrombotest involves the use of one
reagent only, is sensitive to changes in
the concentration of prothrombin and factors VII, IX and X, and can be performed
with capillary or venous blood or citrated
plasma. Early reports ( 6, 11) rate the procedure very highly provided that it is
performed exactly as directed. Reliable
per cent activity curves are provided by
the manufacturer for each lot of reagent.
Again, the need for careful clinical trials
must be emphasized before this test can be
accepted as " the replacement" for Quick's
method.

Heparin Tolerance Test
This procedure is theoretically good but
has not achieved popularity, possibly because it cannot be standardized for routine
use (2). Nevertheless, the findings of
Soulier and le Bolloch (22) concerning the
normal coagulable, hypercoagulable, and
hypocoagulable states of the population
and their differentiation by the i11 vitro
heparin tolerance test should not be ignored.
SUMMARY
A basic understanding of the pharmacology and methods of laboratory control
of the anticoagula nt drugs is necessary for
the conscientious practitioner.
The uses of anticoagulants are gradually
increasing as more experience is gained
and as more about their actions is learned.
Although several procedures are theoretically more sensitive and safe than the
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Quick one-stage prothrombin time method,
the latter continues to be the most com monly employed test for the control of
the coumarin and indandione drugs.
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Methemoglobinemia
R. HUGH GORWILL, '62

INTRODUCTION
Methemoglobinemia may be defined as a condition in which appreciable
amounts of hemoglobin in the red blood cells is present as its oxidized counterpart
- methemoglobin. This may occur as a primary or secondary phenomenon. The
primary type, for practical purposes, can be considered a clinical curiosity. The
secondary is usually induced by certain drugs or may be of endogenous origin. The
latter type is of some considerable interest in this part of rural Ontario.

PRIMARY METHEMOGLOBINEMIA
This disease seems to have been repo11ted
first in 1844. The paper was, at least, a
series of cases of cyanosis with no cardiopathy involved. A percentage of these
patients probably exhibited methemoglobinemia. The disease was first described
in 1902. Since then approximately two
hundred cases have been reported. A large
percentage of these come from Southern
Greece. The United States Public Health
Service reports fifteen confirmed cases in
the twenty thousand Eskimos and Indians
in Alaska. In a series of sixty-four cases
tabulated by Codounis, fifty-four were
thought to be due to an autosomal gene,
inherited as a Mendelian dominan t. The
others appear to be caused by recessive
genes. From his own personal cases Codounis found the lesion in both male and
female, although it predominated in males
in expression as well as in transmission.
Since there is more than one method of
inheritance, more than one biochemical
lesion will cause methemoglobinemia.
The basic lesion appears in the enzymic
structure of the erythrocyte and is only an
exaggeration of the normal picture. Clinically, up to 2.5 0 of the hemoglobin is
present in the blood as methemoglobin. In
some studies of primary methemoglobinemia, up to 71 0 hase been shown to be
methemoglobin.
Normally,
metabolic
mechanisms in the erythrocyte maintain
an equilibrium between the ferrous and
ferric types of hemoglobin at the above
mentioned ratio, 2.5: 97.5. The equilibrium
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is shifited to favor the continued existence
of methemoglobin. This factor is probably
due to a shortage of an enzyme with which
Coenzyme I acts.
SECONDARY
METHEMOGLOBINEMIA
Secondary Methemoglobinemia is caused
by the oxidation of the ferrous ion in the
hemoglobin molecule to a ferric ion by a
foreign chemical. When the oxidizing substance is introduced to the blood stream
the oxidation takes place. These chemicals
reach the body in two basic ways, i.e.,
in drugs and in water.

(a) Dmgs of the following stmct11res may
act as oxidizing agents:
1. Aniline derivatives

2. Nitrates
3. Nitrites
4. Chlorates
The aniline derivates are found commercially as sulphonamides, analgesic and antipyretic drugs. Such unexpected sources as
laundry markers containing aniline derivatives have been incriminated. The anilines
can be absorbed through the intact skin
into the blood stream, therefore, causing
symptoms without prior ingestion.

(b) b1 water:
In children, generally under three
months, the ingestion of water from
shallow wells, or deep wells with cracked
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casings, contaminated by nitrates or nitrites,
causes methemoglobinemia. The mechanism
is the same as the drug induced type.
This disease, first recognized by Comly,
in 1945, occurs when the nitrate-nitrite
concentraion of t he water is above 30-50
parts per million . The severity of the
symptoms is roughly proportional to the
concentration. These wells are to be suspect when they are in close proximity to
barns, outhouses, etc. into which nitrogenous wastes are dumped. The action of
the soil then forms nitrates and nitrites
from urea. This water causes symptoms
when ingested and absorbed by infants
whose fetal hemoglobin may be more susceptible to oxidization, than that of adult
hemoglobin. This infant predominance
may be increased by gastric hypoacidity
which allows bacteria, usually occurring
lower in the gastrointestinal tract, e.g. E.
coli, streptococcus, to function at a higher
level. These bacteria then reduce nitrates to
nitrites in absorptive areas. When the
nitrites are absorbed, the ferrous ion in
the hemoglobin is oxidized. This occurs
more rapidly than the reconversion of the
nitrites by the normally functioning enzymes of the erythrocytes. The ingestion of
nitrates in meats in high enough concentrations to cause symptoms even in adults
has been reported.

CLINICAL PICIURE
The patient presents with cyanosis caused by the color of circulating methemoglobin when its concentration reaches 1.5
gms./100 ml. in the peripheral blood. This
is not characterized by the usual bluishness
associated with cyanosis due to the presence
of deoxygenated hemoglobin. Instead, a slate
grey coloration of absolutely characteristic
nature has been described. Other symptoms
do not occur until 20% of the circulating
hemoglobin has been changed to methemoglobin. These symptoms are of a cardiorespiratory and hematopoietic nature, i.e. a
compensatory polycythemia with dyspnea,
tachycardia, tinnitus, weakness, and reduced tolerance to exercise. These are due to
MARCH, 1961

the inability of methemoglobin to carry
oxygen to the tissues . The patient with
secondary methemoglobinemia presents
these symptoms only on exposure, whereas
the congenital case presents them from
birth.
DIAGNOSIS
D iagnosis is made on the following
basis:
1. The clinical picture with its character-

istic cyanosis.
2. History of drug and water ingestion.
3. Color of blood sample-"chocolate
blood" indicates methemoglobinemia.
4. Spectroscopic examination of blood
gives a characteristic band at 630 millimicrons. This band disappears on the
addition of potassium cyanide.

TREATMENT
1. Congenital :

(a) Methylene blue, by mouth, daily.
2. Secondary :

(a) Withdrawal of etiologic agent.
(b) If necessary, methylene blue intravenous ly.
The introduction of methlyene blue
activates another enzymatic process which
normally proceeds at a very slow rate. This
utilizes reduced Coenzyme II and is seen
to be coupled to glycolysis.
Ascorbic acid in large amounts also aids
in speeding the reduction of methemoglobin.
PROGNOSIS
Congenital :

Good: This does not seem to hinder
longevity.
Secondary:

In rats, 85 % to 90 % of the hemoglobin
must be changed to methemaglobin to
cause death by respiratory failure. The
amount of methemoglobin ·necessary in
the human neonatal circulation to cause
death is not known . However, percentages
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residual effect. I have found only one
death attributable to the disease. This was
reported from Belgium by Ferrant. The
percentage was not induded in the paper.
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HYPOGLYCEMIA and CONVULSIONS
IN CHILDREN FOLLOWING
ALCOHOL INGESTION

LIVER IMMATURITY AND TREATMENT OF KERNICTERUS OF
PREMATURE BABY

SUMMARY
1. The causes of methemoglobinemia are

L H. Cummins, ]. of Pediatrics No. 1,
Vol. 58, Jan. 1961.

The author presents two case reports
of children with hypoglycemia following
the ingestion of alcohol-containing substances. Both had convulsions and one
died. Two hypotheses are presented concerning the possible etiologic mechanism.
One theory considers the hypoglycemia
to be due to funotional hyperinsulinism.
The other considers the alcohol to act as
a metabolic poison interfering with gluconeogenesis or glycogenolysis.
Hypoglycemia may be present when a
child becomes comatose ot convulses after
ingesting an alcohC)l-containing . substance.
Blood shoul<;l Qe drawn for gl_ucose determination and 5.0% glti~ose inj~ed through
the same needle.
· ··
Eugene M. Biagioni, '61
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A. H ottinger,
1958.

J.

Pediatrics Vol. 25, May

Liver function in the newborn depends
on the degree of maturity. Physiologic
icterus appears earlier and is more intense
in prematures weighing less than 1500 gm.
Onset of pulmonary respiration at birth
and improved oxygenation lead to breakdown of red cells and the fo rmation of
bilirubin, which the immature liver is not
able to completely tra.osform and excrete.
The highest bili rubin levels are found
between the 4th and 6th days. Low cord
blood bili rubin indicates that only a small
increase of blood bilirubin is to be expected in the neonatal period. Rising concentration of serum bilirubin indicates
danger of kernicterus especially at levels
. exceeding 20.mg.j 100 ml. The only effec.. tive.therapy. .is exchange transfusion. which
· may need · to be repeated a sec.ond and
even a third time.
Eugene M. ~iagioni, '61
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Sickle Cell Anemia
JAMES R COLWILL, '61

INTRODUCfiON
Sickle cell anemia is the most severe of several sickling hemoglobinopathies
collectively known as sickle cell disease. These disease entities have as a common
denominator the inheritance of at least one gene for the abnormal hemoglobin S
molecule. Sickle cell anemia is the manifestation of a homozygous state for
hemoglobin S whereas a heterozygous state e~ists in other sickling hemoglobinopathies. Sickle cell disease includes the followtng :
( 1) Sickle cell anemia 76-lOO%Hb S; remainder Hb F (fetal type)
(2) Sickle cell trait or sicklemia 22-45% Hb S; remainder Hb A (normal type)
(3) Sickle cell - hemoglobin C diseaseHb S and Hb C in equal amounts
(4) Sickle cell thalassemia diseaseHb S, Hb A and Hb F are all present
(5) Other combinations of hemoglobin S with rare, abnormal hemoglobins
such as D , E, G, H , I, ], K and M .
Although cases in other races have been reported, sickle cell anemi a is almost
limited to the Negro race.

HISTORY
Sickle shaped erythrocytes were first
observed in a blood smear by a Chicago
physician, James Herrick. This finding
prompted him to report the case in the
Archives of Internal Medicine in 1910. The
case was that of a .t wenty year old negro
giving a history of palpitation, dyspnea,
chills and fever. Physical examination
showed yellow sclerae, lymphadenopathy,
moist rales <throughout the chest, cardiomegaly, a soft systolic murmer and a temperature of 101 o F. on admission. Anemia,
leukocytosis and an eosinophilia were among the laboratory findings. Subsequent
back, leg, arm and epigastric pain developed. This has proved to be a classical
description of sickle cell anemia.
Thirty-nine years later, the cause of this
disease, a specific hemoglobin, Hb S, was
demonstrated by electrophoresis, and, in
1957, Ingram showed a specific abnormality
in the animo acid content of hemoglobin S.
INCIDENCE
9% of negroes in . the United States
the sickle cell trait b~t less._ than 1;4

hav~

of 1% have sickle cell anemia. In some
African tribes as high as 40 % have sicklemia but only 4% suffer from sickle cell
anemia. There is an increased incidence of
the sickle cell trait in malarious parts of
southern Italy, Greece, Turkey and India.
ETIOLOGY
Hemoglobin S is inherited as a Mendelian recessive. The manifestation of a
homozygous state is sickle cell anemia,
whereas a heterozygous state produces only
the sickle cell trait or sicklemia which is
almost asymptomatic.
PATHOGENESIS
The sickling of erythrocytes is induced
by capillary stasis, lowered oxygen tension, accumulation of metabolic products,
lowering of the blood pH and fever.
Deoxygenated Hb S molecules crystallize
into rod-shaped formations which distort
the erythrocyte into the typical sickle
shape. The sickling phenomenon is marked in persons with sickle cell anemia where
76-100 % · of the hemoglobin is of the S
type. Other forms ·of sickle·cell disease are

,.
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-Sickle Cell A n e m i a - - - - - - - - - - - - - - - not prone to sickling because of the much
lower concentration of Hb S molecules but
sickling may occur in states of oxygen
deprivation such as occurs at high altitudes.
The shape of the sickled erythrocyte
causes mechanical thrombosis or plugging
of capillaries as well as an increased fragilty to mechanical trauma of the red blood
cell. Thus capillary thrombosis and increased hemolysis are directly due to the sickling phenomenon. Hemolytic jaundice and
anemia are due to the increased hemolysis.
The hemolytic process does not become
established until after the neonatal period
because of .the protection afforded by the
high concentration of fetal hemoglobin
present at birth. The increased thrombotic
tendency may explain the thrombotic or
painful crisis which occurs clinically in
this disease.
Periodic crises punctuate the natural
course of sickle cell anemia. A classification of crises follows:
(a) Thrombotic or pain fill crisis.

This represents a thrombotic episode.
It may occur in any capillary bed with
common sites being in joints or in the
abdomen.
(b) Aplastic crisis.

This represents a sudden erythroid
maturation arrest. There is an abeyance
in delivery of erythrocytes t o the
blood stream without any further increase in the already accelerated
hemolysis.
(c) Hemolytic or hyperhemolytic crisis.

This represents an augmented rate of
hemolysis. There is no change in
erythroid maturation.
Three mechanisms for crisis are presented here. Clinical investigators differ as to
the importance of individual mechanisms
in crisis production. Whatever mechanism
is responsible, crises are a very real clinical
feature in sickle cell anemia.
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CLINICAL PlcruRE
(1) Unremitting anemia and
from childhood.

jaundice

(2) Asthenic habitus.

(3) Splenomegaly is rare in adults and
occurs in only 1/3 of children.
( 4) Crises of bone, joint and abdominal
pain. These attacks are usually accompanied by constitutional symptoms of
fever, chills, nausea and vomiting.
( 5) Susceptibility to infection such as
tonsillitis and pneumonia. Such infections often seem to be a triggering
mechanism in crisis production.
(6) A disease of children and young
adults under 30 years of age.
(7) Cardiomegaly, ulceration of the skin
and visceromegaly are often clinical
features .
LABORATORY FINDINGS
A - Without Crisis
Anemia of a rather severe degree is
always present. The erythrocytes are usually normochromic but in more chronic
cases they may be hypochromic and microcytic. Typical sickle cells may or may not
be present in a blood smear but some
degree of poikilocytosis and anisocytosis
are constant features. Polychromatophilia,
basophilic stippling and target cell formation are variable but often present. Erythroid hyperplasia of bone marrow is
reflected in a normoblastosis and reticulocytosis. An eosinophilia and more constantly a leukocytosis are present. The
erythrocyte sedimentation rate is prolonged.
The hemolytic jaundice produces a high
icterus index and gives an indirect van den
Bergh test for increased blood bilirubin.
The sickling of erythrocytes has been a
standard test employed in the diagnosis of
sickle cell anemia. Red cells are deoxygenated under a coverslip placed on a glass
slide. Sickling of susceptible erythrocytes
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will occur within 2-24 hours to give a
positive test on microscopic examination.
Today, more precise studies involving
electrophoretic and quantitative studies of
Hb S can be done. However, only a few
laboratories are prepared to do these
q uantitative and qualitative studies.

B - In Crisis
Since a crisis is superimposed upon the
ch ronic course of sickle cell anemia the
laboratory find ings during crisis will be
superimposed upon those findings without
crisis. A few important changes occur and
are outlined as follows:

(a) Thrombotic or pai11ful crisis.
There is essentially no change in laboratory findings.

( b) A plastic crisis.
A sudden fall in the erythrocyte
count, a reticulocytopenia and erythrocytic aplasia of bone marrow are
features in this type of crisis.

(c) Hemolytic or hyperhemoiytic crisis.
An increased serum bilirubin, increased reticulocyte count, decreased
erythrocyte count and urobilinogen in
the urine are features in this type of
crisis.

ROENTGEN FINDINGS
(1) Chest
Cardiac enlargement, pleuropulmonary
densities compatible with pneumonitis, infarct atelectasis or an elevated hemidiaphragm suggestive of hepatomegaly may
be seen on routine chest films.
(2) Abdomen
A small bowel ileus is the most common
finding during a crisis.
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(3) Skull
Porous trabeculation or a diffuse granular appearance is often present in the
calvarium.
(4) Peripheral Bone Structure
Irregularity of the endosteum, diffuse
porosis, zones of radiolucency and sclerosis, growth arrest lines, periosteal elevation
and a disturbed cortico-medullary ratio are
among the varied peripheral bone changes.

(5) Joints
Epiphysitis and aseptic necrosis occur.
The hip joint, when involved, gives an
identical picture to that seen in LeggPerthes' disease.

(6) Vertebrae.
There is a reduction of vertebral height
and broadening of the transverse diameter
with biconcave plate impressions.

DIAGNOSIS
The typical findings, upon which a diagnosis of sickle cell anemia is based , have
been outlined. As in Herrick's first case,
these findings are borne out with an adequate history, physical examination,
laboratory and roentgen studies.

DIFFERENTIAL DIAGNOSIS
A differential diagnosis of sickle cell
anemia involves the differential diagnosis
of all bone and joint pain, anemia, jaundice, and the acute abdomen. It is not the
purpose of this article to expand each of
these.

TREATMENT
Treatment should be aimed at controlling anemia and fever, factors which
promote sickling of erythrocytes. Severe
anemia is treated with blood transfusions
and fever can be lowered through treat-
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with a crisis.

SICKLE CELLS AND EVOLUfiON
The inheritance of one gene for Hb S
is a good example of hybrid vigor and
inherited resistance •to disease within
humans. Persons inheriting .the sickle cell
trait have an increased resistance to malaria as compared to persons with only
normal hemoglobin. The appreciable
death rate from malaria makes persons
with resistance better adapted to live in a
malarious area. For this reason malarious
areas have a higher incidence of sicklemia
and sickle cell anemia than do malaria free
areas.
Three hundred years ago, when the
African native was moved to the United
States, a malaria free area, the incidence
of sickle cell trait was probably not under
22~ . The effect of inbreeding and the
passage of 12 generations in a malaria free
area has lowered the incidence to 9 o
among American negroes. The incidence of
sickle cell anemia has fallen proportionately.
The elimination of malaria can be expected to lower the incidence of sickle
cell anemia in malarious areas. The reduction of a basically harmful gene by the
elimination of malaria is interesting. H
shows that not all medical advance promotes the retention and increase of harmful genes.
SUMMARY
Sickle cell anemia is a manifestation of
the homozygous state for hemoglobin S
which makes possible the sickling of
erythrocytes in states of low oxygen concentration. Sickling promotes hemolysis
and thrombosis, the factors responsible
for the signs and symptoms in this disease.
Clinically, the most significant findings
are an unremitting anemia and jaundice
from childhood, punctuated by crises of
bone, joint and abdominal pain, often
72

following respiratory infections. A positive
test for the sickling of erythrocytes is still
the single most important laboratory finding. Roentgen changes include cardiac
enlargement, small bowel ileus in crisis and
bizarre bone porosis. Treatment is aimed at
reducing the sickling of erythrocytes and
for this reason fever and anemia should be
cootmlled.
Malarious areas have an increased incidence of sickle cell anemia and sicklemia
because of the inherited resistance to malaria in persons with the sickle cell trait.
The incidence in the American negro is
falling due to the change from a malarious
area to a malaria free area. The elimination
of malaria will lower the incidence of
sicklemia and sickle cell anemia in malarion areas. In the field of human genetics,
the gene for Hb S offers a fine study in
hybrid vigo r and in herited resistance to
disease.
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Hepatic Coma
AVINOAM B. CHERNICK, '62

INTRODUCriON
Over 100 years ago, an Irish physician from Limerick named Griffin was
called by a "poor woman" to visit her twenty year old daughter who had been
sick for three days, was now speechless and who, she believed, was dying. Griffin
arrived just as the patient "breathed her last". " Her skin was quite warm, and
universall y tinged with a deep yellow color. The countenance was hydropic, and
the pupils dilated". He made his diagnosis, and wrote the following description,
from the history he elicited from the mother.
··on enquiri ng, I found the girl's ailment had set in with languor and
heaviness ; on the second evening she was seized with sickness of stomach,
vomiting, and appearance of jaundice, and next morning, complained much of
her head . . · . afterwards, there was an appearance of stupor about her, from
which she (the mother) endeavored to rouse her, but could get no reply. She
was in profound coma!" (W. Griffin, 1834) ( 4)
Since Griffin's time, no general agreement has been reached regarding a name
for this symptom. Most writers now refer to it as " Hepatic Coma", which can be
defined as the various stages of impairment of consciousness encountered in
patients with liver disease. A patient may have Hepatic Coma but only be
stuporous, not comatose at all. Indeed, coma may never occur in Hepatic Coma.
The cause of the symptom is still unknown. Perhaps, this is because only one
specific pathological finding bas been recogn ized, and this cannot be explai ned .
Today, a patient with Hepatic Coma bas a better prog nosis than had poor Mary
Barry of Limerick, but, as yet, no specific therapeutic agent has been found ,
partly because the cause of the symptom is unknown, and partly because modern
shotgun therapy would probably conceal it if it were found .
The etiological agent, the specific cause, and perhaps even the correct name
of th is condition eagerly await discovery.

CUNICAL MANIFESTATIONS
1. Pre Coma

a) Prodromal Jtage - The main signs are
mild euphoria or depression, untidiness,
a slight tremor, but no confusion or
E.E.G. changes. These non-specific signs
are usually seen only in retrospect.
b) lAter in Pre Coma - the patient may
show loss of memory for recent events,
intellectual deterioration, non-specific
personality changes, and perseveration.
c) As the Jtage of Jtupor is approached,
speech becomes slurred, deep tendon reflexes and plantar withdrawal are increased. E.E.G. changes are usually seen
and Fetor hepaticus has been described
The "flapping tremor" can sometimes be
elicited by supporting the extended arms
under the wrists. Hyperventilation gives
rise to peripheral venous blood that has
MARCH,
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an arterial blood color. The patient
sleeps most of the time, but can be
aroused.
2 . Coma

a) b1 li~ht coma, the patient can be aroused.
He responds to noxious stimuli. Rigidity of limbs at this stage varies from
slight resistance to true "cogwheel rigidtty". Convulsions occurred in one third
of the patients in a recent series. {10)
b) In deep coma, little or no rigidity is
encountered. The patient may appear to
be sleeping peacefully with no abnormal
changes in vital signs.
DIFFERENTIAL DIAGNOSIS
The patient with Hepatic Coma may present with none of the clinical manifestations
just described. In this case, the diagnosis becomes one of exclusion. This is further com-
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plicated in the case of an alcoholic who is
prone to trauma and to other cerebral manifestations of alcoholism other than Hepatic
Coma. Some of these are :

1) W em icke' s encephalopathy - mental picture is same as in Hepatic Coma, but also
includes ophthalmoplegia (which responds within minutes or hours to I.V.
thiamine) and nystagmus.
2) Deliri11m T remens - tremor is more
rapid, and some degree of agitation and
motor activity is present.

3) Korsakoff s Psychosis - shows memory
defect and confabulation.
4) Cerebral tranma - especially subdural
hematoma ( see below) .
Some conditions which would have to be excluded in the general population are :

1) Cerebral Trauma
a) Skull fracture, brain contusion or
laceration.
Diagnosis is made by x-ray, blood
in C.S.F. on lumbar puncture.
b) Subdural hematoma.
Mental confusion the same as in
Hepatic Coma is shown. As the
trauma may have taken place some
time prior to coma, a history should
be elicited from the relatives. Localized signs of subdural hematoma
may be present, and the C.S.F. may
contain crenated red blood cells.
Final diagnosis may require burr
holes in the skull.
2) Brain Tumor

3) Cerebrovascular accident
4) Diabetic coma
5) Insulin shock
PATHOGENESIS
The pathogenesis of Hepatic Coma is
not known . Because the liver is always implicated, and the Central Nervous System
is involved if the stage of coma is reached,
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it is assumed that the liver is either producing a toxin, failing to detoxify a circulating
poison, or failing to produce a metabolite
needed for proper C.N.S. function. It
seemed logical to Leyden, in 1866, that
since comatose patients retained bile acids
in the blood, bile was the cause of the
coma, and hence he termed the condition
Cholemia. There is no evidence that bile
is the toxin in this condition, for there
are cases of Hepatic Coma in which the
serum bil irubin and bile acids are normal.
Other factors have been incriminated
from time to time. One of the handicaps
in pinpointing the etiological agent ( and,
indeed , in making a diagnosis) is the
paucity of specific pathology in the organs
affected. The liver shows the changes of
the specific liver disease underlying the
Hepatic Coma, be it Portal Cirrhosis, Biliary Cirrhosis or Viral Hepatitis. These
changes are seen in conjuction with coma
but are also seen in the absence of coma.
Likewise, laboratory find ings reflect the
severity and sometimes the type of liver
pathology but offer no conclusive evidence
of pre coma or even of coma itself.
Perhaps the only characteristic feature
of diag nostic importance found so far has
been an increase in the size and number of
the protoplasmic astrocytes in the grey
matter of the brain. Up to twice as many
protoplasmic astrocytes are noted in Hepatic Coma as compared with liver disease
without coma. These swollen cells can
be seen shortly after coma onsets, and their
presence roughly parallels its duration.
They are, therefore, interpeted to be a result of, and not the cause of the coma. No
good explanation has yet been offered for
this phenomenon.

THE ROLE OF AMMONIA
It is generally accepted that nitrogenous products, many of which originate in
the gut, play a major role in the genesis
of Hepa<tic Coma. These products are generally detoxified in the liver, but under
conditions of liver disease or porto-caval
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--Hepatic Coma------ - -- - - - - - - - - - shunts, they escape into the circulation
without being rendered non-toxic. The
nitrogenous products usually incrimi nated
are: exces of dietary protein, blood in the
intestine, ammonia exchange resin , ammonium chloride and mercurial diuretics.
It might be well at this point to briefly
review the course of nitrogen metabolism
in an effort to understand the effect of
liver deficiency on it. Consider dietary
protein. This is the body's chief source of
Nitrogen (16 of dietary protein is nitrogen) . In the small intestine, the protein
is reduced to amino acids, which are used
for the maintenance and repair of body
tissue. In the disposal of amino acids, the
carbon skeleton is separated from the
amino g roup by transdeamination ( 3)
and becomes an ... -keto acid. The free
ammonia is released in the liver, but being
toxic, is not allowed to accumulate. While
a small amount of free ammonia is excreted in the urine, the greater portion of it
enters the ornithine cycle in the liver (see
diagram ) and is released into the circulation as urea , later to be excreted by the
kidney.

When liver function is severely impaired, there is a rise in blood amino acids and
blood ammonia. This rise is due partly
to failure of the liver to break down am ino
acids into ammonia and L-keto acids, and
partly a failure in urea production leaving
an excess of ammonia in the blood. This
ammonia then recombines with .L-keto
glutaric acid to form more amino acids.
This reversal of transdeamination is
thought to be one of the keys in the
etiology of Hepatic Coma, as the free
ammonia in the brain circulation is thought
to interfere with the metabolism in the
brain cells by combining with, and, hence,
removing .c.-ketoglutaric acid from the
Tri-Carboxylic Acid Cycle. This interference with the T.C.A. cycle robs the brain
cell of its source of energy resulting in
temporary or permanent dysfunction of
the brain cell. (2)
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The explanation of the mechanism by
which blood ammonia is driven into the
brain cell stems from the observation that
free ammonia moves from an alkaline to
an acid medium. The hyperventilation seen
in Hepatic Coma leads to respiratory alkalosis, which drives the blood ammonia
into the brain cell. This action is rei nforced by an intracellular acidosis, as a result
of the hypokalemia usually found in liver
disease. Indeed, the combination of insufficient K + intake, and excessive loss in
vomiting and diarrhea can in itself precipitate coma in a chronic cirrhotic.

MEASUREMENT OF AMMONIA
With these mechanisms in mind, it
should be easy to measure the blood
ammonia and the levels of L-ketoglutarate
in Hepatic Coma, compare them to liver
disease without coma, and pin-poin t the
causative agents.
1. Level of ~-Ketogltttarate.

It has been noted that tn Hepatic
Coma, there is a decrease in cerebral
oxygen consumption. This is related to
the decrease in L-ketoglutarate.
2. Level of Ammonia.

It has been found that ammonium salts
administered orally in man can precipitate coma, but there is a poor correlation between ammonia levels in the
blood, and symptoms of Hepatic Coma.
The d iscrepancy may lie in the unreliability of the tests for blood am monia, that have been used to date.

In the standard METHOD OF CONWAY ammonia in the biolog ical fluid
(blood, etc) is released by mixing with
alkali. It diffuses throug h a liquid, and
then a gas phase where it is absorbed by
an acid for quantitation. There seems to be
so much difficulty with this method, that
not only do different laboratories report different results with samples from the same
source, but the same laboratory, given a
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sample into which twice as much ammonia
has been added, fails to report the double
quantity. Added to the problems of standardizing the many variables, such as time
of diffusion, temperature, amount of alkali , amount of agitation, etc., are these
two main problems:
1) Ammon ia increases as it diffuses
through the liquid and gas media following alkalinization. It increases even
faster in the original blood sample.
Even the rate of increase in blood from
different people is different because
the red blood cells produce ammonia
more rapidly than does the plasma. To
overcome this last difficulty, plasma is
used in the newer determi nations instead of whole blood. In an attempt to
slow down the ammonia increase during diffusion, the samples are iced.

2) Resting muscle takes up ammonia from
the circulation, while contracting muscle (such as would be found in a
person subjected to venipuncture) releases ammonia. A median cubital vein
sample would therefore give an accurate picture of the degree of muscle
activity in the arm, but a poor indication of the concentration of ammonia
reaching the brain. To overcome this
problem, the newer determinations
make use of arterial blood samples.
Several new methods (each highl y recommended by its originator) have been
proposed. Popell and Vanamee's multiple diffusion time method corrects
for the amount of ammonia formed
during the diffusion through t he different phases of the Conway test, but
is technically very difficult. Nathan's
method is not as difficult, but is
inaccurate, according to Popell and
Vanamee (13). Jacques et al claim that
free ammonia is <the significant factor
in causing the symptoms of Hepatic
Coma and have a new "accurate"
method of measuring it. They spin a
freshly iced specimen collected from
blood going to the brain, and determine the plasma ammonia levels using
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a spectrophotometer. (6) This latest
method may indeed show a closer
correlation, but ",the relation of blood
ammonia levels to liver coma might
thus be similar t o the relation of blood
urea levels to clinical uremia: for in
both cases a correlation may be established , but in neither is the relationship
causal." ( 11 )
MANAGEMENT
A. Prophylaxis
Note : the best prophyaxis for Hepatic
Coma is the prevention of liver
disease. However, it is assumed
that the paJient has been diag;1osed as having a liver disease.
1. Agents used to sedate, induce sleep,

anesthetize or reduce pain in patients
with liver disease should be limited, if
possible, to those agents not requiring
conjugation by the liver. Even the dose
of t hose agents excreted mainly by the
kidney should be reduced. Demerol,
long-lasting barbiturates and bromides
should be used in preference to morphine, short-acting (long chain) barbiturates and paraldehyde. Cyclopropane
is preferable to other gas anesthetics.
2. Acute infection should be promptly

treated with appropriate antibiotics.
3. Ammonia whether in the form of ammonium salts or urea, should be administered with great care, and with the
knowledge that they may precipitate
coma in the patient with a diseased
liver.
4. Acute G. I. bleeding. As this can also
precipitate coma, every attempt should
be made to
a) arrest the bleeding
b) remove old blood from the gut.
The Sengstaken-Biakemore esophageal
gastric inflatable tube is effective in
stopping the bleeding from esophageal
varices. This tube also enables the
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physician t o medicate the gut in patients unable to take oral medication,
and who would otherwise require intubation with a Levine tube - dangerous
in patients with esophageal varices.
5. Paracentesis : Re-accumulation of a
small volume of ascitic fluid at the
expense of the blood plasma in the
interval immediately following paracentesis often leads to a period of oliguria or anuna. With kidney shutdown, blood urea and blood amm onia
are allowed to accumulate. The increased concentration of ammonia may
precipitate coma.

B. General Therapeutic Measures
1. The patient should be carefully observ-

ed for signs of impending coma.
2. The patient's intake and output of

fluids , electrolytes and nutrients should
be recorded .
3. lAb studies
a) Blood.
i. Hematocrit - serves as an index of
hemo-concentration
ii. N .P.N .-serves as index of ability
of kidney to excrete end products
of Nitrogen metabolism
iii. C0 2 C.P. - serves as index of
ability of kidney to control acidbase levels
iv. Serum Sodium - commonly reduced by ascites
- hypernatremia can cause edema
v. Serum Potassium
vi. Serum Chlorides
b) Stools - for blood

Note : if much blood is lost, especially
via the G .I.T., fresh whole blood,
if possible, should be given in
replacement, as this contains more
fibrinogen, and less ammoma
than bank blood.
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4. Electrolytes and lJVater
a) Sodium - if ascites and edema are
present, Na intake should be restricted. If they are not present, N a
may be g iven as indicated by electrolyte balance.
b) Other Electrolytes - as indicated
by electrolyte balance.
K may be greatly reduced by vomiting and diarrhea.
c) Water - Patients with chronic liver
disease have a decreased tolerance to
water. This is even more m arked
in Hepatic Coma. The intake-output chart, along with the hematocrit and serum sodium levels should
be consulted in determining whether anuria is due to dehydration, or
to loss of kidney functio n.
5. N11trients
a) Calories - the comatose patient should
receive calories sufficient to prevent
gluconeogenesis from existing protein
stores, but not sufficient to overload
the ailing liver. Oral glucose is p referable to an I.V. glucose drip. The
drip must be slow enough to p revent
accumulation of sugar in the liver.

b) Proteins - " although an adequate
diet is the best treatment of hepatic
disease,-paradoxically, treatment of
Hepatic Coma at present is COMPLETE PROTEIN WITHDRAWAL
This cannot be considered optimum
treatment of the basic liver disease,
but is only a temporary measure for
the cerebral manifestations." ( 15)
6. Vitamins - are seldom needed by patients
who have been in hospital for a period
of time with chronic liver disease. However, if dotting time is increased, Vit. K
may be indicated, and alcoholics may
require Vit. B therapy.
7. Corticosteroids - massive doses of corticosteroids have had life saving effects
on patients m Hepatic Coma superimposed on Viral H epatitis. In a series
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of six comatose, patients with underlying non-viral hepatitis, 600 mg. of
cortisone every day was used. Five responded dramatically, but all but one died
subsequently. (8) Because steroids tend
to increase HCI production in the stomach, reactivating old ulcers or encouraging new ones, the stools should be
carefully checked for occult blood.
Antacid therapy is recommended as
an adjunct to prolonged use of steroids.
(7)
8. Antibiotics - Neomycin is used to sterilize
the intestines, thus preventing the
accumulation of nitrogenous wastes of
the intestinal flora in the gut. This
measure can help prevent as well as
eliminate the symptoms of coma.
9. Glutamic A cid- Given as Na Glutamate,
the glutamic acid lowers blood ammonia by combining with blood ammonia
to form glutamine. The sodium
increases plasma bicarbonate, which
tends to offset the respiratory alkalosis.
Na Glutamate protects the patient against convulsions, and has been noted
to give dramatic improvement in the
sensorium.

PROGNOSIS
If Hepatic Coma is diagnosed and treated early enough, the patient may survive
long enough for the liver to regenerate
sufficient parenchyma to allow a return
to normal health. The prognosis in acute
states such as infectious hepatitis is better
than in chronic liver diseases, because there
are usually sufficient viable cells remaining to regenerate the organ following an
acute case. The fatty degeneration and
other changes seen in chronic cirrhosis may
involve every cell in the organ.
In alcoholics with "undernutrition cirrhosis" but no jaundice, the prognosis is
good, whereas in acute hepatic insufficiency of the alcoholic, with ascites, jaundice,
portal hypertension, and fatty change, the
prognosis is grave. Many come out of
coma, but improvement is uncommon.
MUCH, 1961

SUMMARY
1. Hepatic Coma has two phases. Pre

coma onsets with a prodromal stage,
often seen only in retrospect, in which
the symptoms are non-specific. As the
patient approaches stupor, specific
signs become evident. In light coma,
the patient may respond to noxious
stimuli but as deep coma onsets the
patient may respond not at all.
2. The pathogenesis is unknown . Specific

changes in the protoplasmic astrocytes
have been described . The regular laboratory tests of liver function are not
altered with the appearance of coma.
3. It is generally accepted that nitrogenous
products play a major role in the
production of Hepatic Coma. Measurement of blood ammonia remains a
problem. A new method using spectrophotometry offers some hope in this
regard.
4. Treatment consists of :

a) prophylaxis (in people with existing
liver disease)
- restricting use of analgesics, anesthetics, hypnotics and sedatives
which require conjugation in the
liver
- prompt attention to infection
- restriction of use of ammootum
salts
-·prompt arrest of G .I. hemorrhage
- restriction of paracentesis

b) general therapeutic mea.srtres
- observe for signs of impending
coma
- record intake and output of water
and electrolytes
- supply requirements of body for
nutrients, removing protein from the
diet if coma appears
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-Hepatic Co~-------------------- use of cortico-steroids for Hepatic
Coma superimposed on viral hepatitis.
- use of antibiotics to sterilze gut
. use of glutamic acid to lower
blood ammonia level
5. Prog11osis depends on

1) rapidity of recognition and treatment
2) amount of underlying liver pathology.
CASE HISTORY
On June 8th, 1960, J. C., a forty·one
year old white male, was admitted to
Victoria Hospital Emergency Department
in a semi-comatose condition, bowing
deep jaundice.
Past History- The patient had been well
until May 30th. On June 1st, he visited a
doctor complaining of generalized aches
and pains, anorexia, nausea and vomiting.
At this time, he had a temperature of 102°
F, but no jaundice. He remained at home,
and gradually became confused and
stuporous.

On admission - he was deeply icteric
although neither liver nor spleen were
palpable. His responses were hyperreflexive. Admission diagnosis was Infectious
Hepatitis with Hepatic Coma. Laboratory
tests performed at this time showed :
Hemoglobin
Cephalin Chloresterol
Flocculation
Bilirubin (total)
Thymol turbidity
Prothrombin time
Urine - bile
Urobilinogen

15 mg%

+ ++
22.5 mg%

20 units
32 sec.

+
negative

The prothrombin time remained high even
after massive doses of Vit. K.

Management - The patient was given a
continuous I. V. drip of 5% glucose with
Vit. B complex added, . 8 gm. Neomycin
daily and nothing else per os. Steroid
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therapy in the form of 300 mg. Solucortef
I. V. daily was instituted when the condition deteriorated. A Levine t ube was in·
serted to administer the Neomycin when
the patien t was not able to swallow.
Coffee-ground-like material was aspirated
from the stomach through the Levine tube.
The stools were now tarry, and the hemoglobin had fallen to 9.8 mg% . Multiple
transfusions were required . On the second
day after admission, the patient's condition
again deteriorated, and the steroids were
increased to 600 mg. Solucortef.
On the fourth post admission day, the
patient suddenly regained consciousness.
He was slightly confused at first, but
shortly thereafter he appeared well orien·
ted . The Levine tube was removed, and the
Neomycin dose was reduced to 4 gm
daily. His appetite improved and his fruit
juice diet was changed to a soft diet, including 30 gm. of protein per day.
On June 14th, (six days after admission)
the Neomycin was withdrawn. In the following two days, the patient showed signs
of drowsiness, and it was feared he would
relapse into coma. His hands were shaky
when he ate, and a marked tremor could
be elicited by extending the hands. Neomycin therapy was reinstituted and withdrawn slowly and uneventfully over the
next 10 days. The dietary protein was
increased g radually to 150 gm. per day
with a total caloric intake of 3300 calories
daily. By .August 11th, the jaundice had
nearly disappeared. The Cephaln Cholesterol flocculation test was one plus, the
hemoglobin 15.1 gm.% , the stools were
negative for blood, and the prothrombin
time had returned to normal.
The patient was discharged on .August
26th with the instructions that he eat a
regular diet high in protein and abstain from
alcohol for one year.
COMMENTS
1) The G. I. hemorrhage necessitating the
multiple transfusions was thought at the
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time to be due to bleed ing esophageal
varices or acute erosion due to the
steroids, or both perhaps agg ravated
by the insertion of the Levine tube and
complicated by the high prothrombin
time. A G.l. series shortly before di charge indicated no esophageal varices,
but showed some duodenal scarring,
suggestive of an old duodenal ulcer. In
any case, it would be difficult to assess
the effect of blood in the G.I.T. as a
possible etiologica l factor in this man's
coma.
2) The reappearance of drowsiness in the
two days following withdrayal of neomycin therapy, and the return to normal upon its reinstitution, correlate nicely with the suggestion that the end
products of intestinal floral metabolism
can precipitate coma.
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URINE DIASTASE IN EVALUATION
OF PANCREATIC DISEASE

h hs in patients seen several days after
onset of the illness.

]. J. Budd, Jr. et al., Gastroenterology
Vol. 36, March 1959.

The prolongation of urine values probably indicates more accurately the duration of the disease and the end point of
the inflammatory process.
Individual determinations of serum
diastase, not in a series, would be nondiagnostic. Detection of activity in chronic
pancreatitis presenting with varying low
serum levels would be possible with diastase determination.
Eugene M. Biagioni, '61
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Metabolic Disorders Affecting
the Nervous System
WILLIAM MILAWSKI. '61

INTRODUCTION
The metabolism of the nervous system is not much different from that of the
rest of the body. The major part of the e.n ergy is derived from the utilization of
glucose and oxygen. The structure of the nervous system is unique unto itself
much the same as other organs are unique unto themselves. Consequently, certain
metabolic disturbances affect one organ primarily wh ile afecting another secondarily. In th is respect, the nervous system exhibits clinical signs as an early
manifestation of one disease, wh ile in another disease they are late or terminal
features.
Many of the diseases presen ted in this paper have been known as clinical
entities from the times of Hippocrates and Galen, but only recently have their
causative factors or pathogenesis been clearly elucidated . Research in this field
continues and no doubt many diseases with hitherto idiopathic etiologies, such
as the familial nervous disorders, muscular atrophies, and tuberous sclerosis, with
suspected metabolic disorders, will be added to the list of diseases which are
either primarily or secondarly a manifestation of orne metabolic disorder.

I. VITAMIN B GROUP DISORDERS
a. Thiamin Deficiency.
1. Beriberi.
2. Wernecke's Encephalopathy.
3. Nutritional Polyneuritis.
b. Nicotinic Acid Deficiency.
1. Pellagra.
c. Cyanocobalamin (B 12 ) Deficiency.
1. Subacute Combined Degeneration of
the Spinal Cord.

d. B-Complex Deficiencies.
1. Nutritional Neuropathies in Warm
Climates and Prisoner-of-War.
Most factors of the B complex form
part of the biochemical machinery of the
nervous tissue. The clinical manifestation
of avitaminosis B is directed by that tissue
in which the depletion becomes most marked first. Factors such as riboflavin exhibit
dermatological manifestations, whereas
thiamin exhibits neurological disorders
primarily.

Beriberi
a. The commonest neurological disorder is
a chronic symmetrical multiple neuritis.
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b. Acute beriberi tends to affect the cardiovascular system producing dyspnea,
edema and right-sided heart failure
plus laryngo-spasm in children.
c. A subacute and chronic edematous type
occurs also.

Wernecke's Encephalopathy
This disorder presents as an acute or
subacute occulo-cerebral disturbance characterized by nystagmus, ophthalmoplegia,
ataxia, mental symptoms and unconsciousness. This disorder is due to a severe acute
B, deficiency, which produces focal lesions
of the brai n stem in the region of the
third and fourth ventricles and the aqueduct. This disorder can be regarded as a
cerebral form of beriberi. The thiamin
deficiency in this disease is more marked
and is calculated on the basis of a thiamin
to non-fat calorie ratio.
Nutritional Peripheral Neuropathies
" Polyneuritis"
Clinically there are three types.
a.. Beriberi
b. Alcoholic neuropathy.
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c. Neuropathy in chronic gastrointestinal disorders.
Response to thiamin therapy is usually
not too remarkable, indicating a complexity of causative factors . Some cases respond
well to combined folic acid and thiamin
therapy.

i

Nutritional Neuropathies in Warm Climares and Prisoners-of-War
a. Cranial

erve Disorders

Acute or subacute retrobulbar neuritis is
the commonest disorder. Nerve deafness
and laryngeal palsy are not uncommon .
b. B11mi11g Feel.

Pellagra
Pellagra tends to be a chronic relapsing
disorder, with neurological involvement
most likely to occur in the chronic patient.
Mental symptoms and spinal cord degen eration are not infrequent, producing burning feet and ataxia. A phase of chronic ill
health and apathy precedes the alimentary
and skin manifestations.

Painful burning sensation in the soles of
the feet with tenderness and sweating.
There may be a slight hypalgesia of the
toes .
c. Spinal Ataxia
This resembles subacute combined degeneration of the spinal cord.
d. Spastic paraplegia

Subacute Combined Degeneration of the
Spinal Cord
This disease is characterised by a peri pheral neuropathy plus a progressive degeneration of the posterior and lateral columns of the spinal cord, and pernicious
anemia. Theoretically, folic acid , which
does not require intrinsic factor for its
absorption, should protect the patient who
does lack intrinsic factor from becoming
anemic. Achlorhydria, theoreticaly, should
not be an essential feature of B 1 2 deficiency; loss of intrinsic factor alone is vital.
This is seen in children in which 5 of 6
published cases of proven P.A. in child hood presented with free hydrochloric acid
in the stomach, a megaloblastic marrow
and complete absence of B 12 in the blood
serum. This suggests that the gastric lesion
is a result of the deficiency and not a
factor in the pathogenesis of it. Folic acid
has no place in the treatment of P.A. and
subacute combined degeneration of the
spinal cord. The use of folic acid in some
cases may precipitate the onset of neurological symptoms with a failure of the anem ia to respond . The exact role of B 12 in
cerebral metabolism is not yet known , but
it is felt to be a specific agent.
MARCH,
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A spastic paraplegia with tremors affecting the legs without a sensory loss.

II. MINERAL DISORDERS
a. Calcium.
1. Hypercalcemia.
2. Hypocalcemia.
b. Phosphorus
c. Copper.
Phosphorus is an important ingredient
of the nervous tissue and yet no known
disease entity results from a dietary deficiency of phosphorus or from a large increase in the serum. Calcium, however,
manifests clinically in both the hyper and
hypo states by affecting the transmission
of impulses from the nerve to the muscle.
The depolarization of the nerve •t erminal
and the subsequent release of acetylcholine
are affected by calcium, magnesium, potassium, and pH, with an antagonism between
calcium and potassium at the neuromuscul ar junction.
Hypocalcemia
This condition may be seen in hypoparathyroidism, chronic dietary deficiency,
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--Metabolic Disorders Affecting the Nervous System:----excessive loss in lactation, and renal failure with phosphate retention. Clinically,
one sees paresthesiae, ccamps, laryngeal
stridor, carpopedal spasm, epilepsy, Chvostek's sign, Trousseau's phenomenon, Erb's
phenomenon, and an increase in the Q-T
interval on the E.C.G.
Hypercalcemia
The neurological manifestations are the
reverse of those seen in hypocalcemia; decreased neuromuscular excitability, decreased
muscle tone and weakness in both striated
and smooth muscle.
Phosphorus
The only neurological findings occur
as secondary factors due to compression
or distortion of bone causing pressure on
nerves or cerebrum.
Copper
Copper occurs in the tissue in fu.irly
small quantities. Ceruloplasmin, a blue
copper-globulin complex with enzymic
activity has been shown to be absent in
the only known neurological disease of
copper deficiency in man. HepatolenticuJar
degeneration or Wilson's disease is characterized biochemically by a low blood copper, a vi rtual absence of ceruloplasmin,
and an increase in urinary excretion of
copper and amino acids.
Wilson's disease.
Neurologically this disease is manifest
by an insidious onset of minor shakes,
tremors, and slowing of voluntary movement. In a period of years, the clinical
picture is established. The patient sits or
leans to one side with his mouth open in a
stereotyped smile or vacuous look. Fingers
and hands are contracted and flexed and
all four limbs exhibit a quick fine tremor.
The trunk is stiff and voluntary movements are performed with a wild tremulousness. With time, mental retardation
ensues, reducing the patient to an emotionally labile, yet placid, childish individual.
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Ill. Porphyrin Disorders
a. Acute Intermittent Porphyria.
b. Congenital Porphyria.
c. Porphyria Cutanea Tarda.

It is now established that glycine and
probably succinyl Co A supply all the
atoms of the protoporphyrin molecule in
heme biosynthesis in the bone marrow,
liver, and most cells of the body. A metabolic product of this is porphobilinogen,
which is the abnormal product excreted by
people with porphyria. Further processing
combines 4 porphobilinogens to produce
protoporphyrin, which in turn combines
with iron to form hemoglobin, catalase,
and the cytochromes. The clinical disorders are due to an arrest of the normal
sequence leading to the production of the
protoporphyrin with a subsequent accumulation of porphobilinogen which is excreted in the urine.
Acute Intermittent Porphyria
Females are chiefly affected in this, the
commonest form of porphyri a, with onset
being chiefly in the 40 - 50 yea r age
group. The disease is characterized by
complete remissions and exacerbations.
These patients present initially with acute
abdominal pain and this disease is frequently mistaken for acute appendicitis,
perforated ulcer, intestinal obstruction or
ectopic pregnancy. Seven to ten days afer
admission, these people usually develop
psychiatric symptoms, confusion, disorientation, visual hallucinations, delusions and
suspicions. This is frequently followed by
delirium, rapid pulse, tremor, and muscular
twitchings. If the disease progresses, one
sees convulsions and a rapidly advancing
polyneuritis which is almost completely
motor in type.
Congenital Porphyria
No neurological complications.
Porphyria Cutanea Tarda
No neurological complications.
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IV. ANOXIA
a. Anoxic Anoxia.
Diminished oxygen supply, producing
insufficient oxygenation of the blood
with an increase in C0 2 .
b. Anemic Anoxia.
Reduced transport of 0

2

by hemoglobin.

c. Stagnant Anoxia.
Impaired circulation.
d. Histotoxic Anoxia.
Impaired utilization of 0

2•

The effects of anoxia are reversible for
up to 5 or 6 minutes, but anoxia of over
10 minutes is irreversible and leads to
coma and death. Oxygen and glucose are
the two main factors in the p roduction of
energy in the brain, and a decrease of
both causes an effect which is more than
the algebraic sum of the two. It can be
shown that inhalation of 100 0 0 2 can
offset hypog lycemi a, and , conversely,
glucose given I.V. increases the resistan ce
to anoxia. It is interesting to note that
an infant several hours old can withstand anoxia much more readily than an
infant of say two days of age. This is
attributed to the poikilothermia or the
sudden drop in temperature as the fetus
exits from the uterus.

bolism, and thrombosis, producing monoplegias, parkinsonism, pseudobulbar palsy,
and so on. Anoxia can affect an entire
hemisphere producing aphasia, spatial disorientation or apaxia. A more generalized
anoxia of a low grade nature frequently
produces psychiatric symptoms such as
dementia, emotional lability, apathy, neurosis, headache, forgetfulness, insomnia,
hallucin ations, and fluctuating periods of
confusion.
V. GLUCOSE DISORDERS
a. Hypoglycemia.
b. Hyperglycemia.
Hypoglycemia
The necessity of glucose for metabolism
of nervous tissue was discussed under
anoxia.

Cortical neurones die within 4 minutes
and it is thoug ht that all neuronal elements
are irreversibly damaged in 10 minutes .
This is commonly seen in surgery with
cardiac arrest and in cerebral hypotension
occuring during surgery with the patient
in the sitting position.

Neurologically, one may see patients
with headache, tingling of the scalp, intellectual deterioration, and dementia between attacks of hypoglycemia. An attack
of hypoglycemia brings on sweating, flushing, confusion, dysarthria, large pupils,
tremulousness, clumsy movements, brisk
reflexes, extensor plantar response, and
convulsions. There is a 25% death rate
with convulsions or status epilepticus.
Coma occurs in 40% of attacks due to
hyperinsulinism. Roughly 10% of all cases
develop hemiplegic weakness, ataxia, vertigo, some extrapyrmidal syndrome, diplopia, distortion of vision, visual hallucinations, and muscle wasting in chronic cases.
Psychiatrically, one sees thought disorder,
hallucinations, delusions, aggresion, and
fugue states.

Slow Cerebral Anoxia.

Hypoglcemia may occur as a result of
the following.

Acute Severe Anoxia

This is seen in atherosclerotics with relative hypotension . This condition is also
seen in severe anemia, dehydration, and
mild to xic states.
Clinically, anoxia can be focal such as is
seen in the bas ilar artery syndrome, emMARCH,
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a. States with normal imulin le1Jels.

1. Defective gut absorption .
2. Faulty diet.
3. Glycogen storage disease.
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4. Liver disease.
5. Large upper abdominal masse .

6. Adrenal hypoplasia.
7. Renal glycosuria.

b. H yperins11linism
l. Hyperplasia of pancreas.

2. Adenoma of pancreas.

3. Carcinoma of pancreas.

4. Reactive Hypoglycemia.
This may occur physiologically or in
alcoholic or barbiturate addiction .
5. Therapeutic.

lfY}>erglycemia
Hyperglycemia results from two basic
biochemical lesions.
a. H ypoinmlinism.

The essential biochemical lesion i the
inability of the tissue to remove glucose
from the blood fast enough to prevent
its accumulation .
b. Exceuive Glycogenolysis.
There are v rious factors which precipitate an excessive mobilization of glucose from hepatic stores. This condit ion
is seen in hyperthyroidism, acromegaly,
Cushing's syndrome, pheochromocytoma, and iatrogenic hyper-adrenal corticosteronism.
Coma, although a very late neurolog ical
entity, is an important feature, and h yperglycemia should always be considered in
the differential diagnosis of that state.

VI. Liver Disorders
a. Fetor Hepaticus
b. Virus lfepatitis
c. Jaundice of the Newborn

d. Hemolytic Jaundice
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System~----

e. Kernicterus
f. Galactosemia
The entire neuropsychiatric syndrome
of liver disease which Hippocrates and
Galen so aptly termed the "Choleric and
Melancholic Personality" and which terminates in coma can be described by the
term "Portal Systemic Encephalopathy".
The factors concerned are the portal circulation, the liver cell, and the absorption
of nitrogenous substances from the intestine.
The portal circulation, for some reason ,
by-passes the liver as in a porto-caval
shunt, collateral circulation in chronic
cirrhosis, or a functional shunt in hepato·
cellular damage. The nitrogen comes from
the intestine as ingested protein , protein
breakdown by bacteria, hemorrhage into
the intestine, and inorganic nitrogen such
as ammonium chloride. The syndrome is
most frequently seen in virus hepatitis and
portal cirrhosis. Clinically, there is an insidious loss of consciousness, hypersomnia,
apathy, fixation of stare, brevity of response,
childishness, irritability progressing to marked confusional states, and behavior disturbances such as micturition, defecation, or
both. A flapping tremor develops, occuring in bursts with frequent quiescent
periods. The flap disappears with deepening coma. With ensuing coma there develops a monotonous voice, sluring of speech,
dysphagia, rigidity of limbs and downgoing plantar response. Convulsions occur
in 25% of these cases are ominous.

Fetor Hepaticus
A sweet, sickly, and slightly fecal odor
reminiscent of mice occurs in the more
severe liver disease. It is a useful diagnostic sign in a comatose patient. Among
other clinical tests, these people exhibit a
disturbance of the E.E.G. in the frontal
lobes with deepening coma. E.E .G . changes
such as these are seen also in uremia_

Virus Hepatitis
The fulminating case of virus hepatitis
produces delirium and clouding of con-
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sciousness prog ressing to rapid coma within a few hours or days. Antisocial behavior
may precede all other clinical findings.
Jaundice of the Newborn
Jaundice in the second to the fifth day
after delivery frequently occurs in the newborn but disappears within two weeks
with no residual effect. This is commoner
in the premature and, occasionally, is followed by kernicterus in which there is a
deposition of bilirubin in the nerve cells
of the basal ganglion in particular. The
cause has been attributed to liver immaturity in which there is a lack of glucuronyl
transferase, an enzyme responsible for the
conjugation of bilirubin to glucuronic acid
forming the soluble and excretable form ,
thereby resulting in an inability to excrete
bilirubin. An increase in hemolysis as in
hemol ytic disease of the newborn, famili al
hemolytic anemia, poisons or hematoma
absorption, may precipitate severe jaundice. The severity is increased if hepatic
function is depressed as in hepatitis,
galactosemia or hypothyroidism .

L

I

Hemolytic Disease of the Newborn
This is seen in incompatable blood
groups between the fetus and the mother,
resulting in a possible kernicterus.
Kernicterus
Clinically, the child becomes lethargic
or restless and febrile. There is stiffening
of the muscles with stiff neck, head retraction or opisthotonous developing. Frequently, there is a high pitched cry,
protruded limbs, squint, lid retraction ,
twitching, convulsions and death within
7 to 10 days in 70 % of the cases.

phate uridyl transferase. Clinically, the
child presents as a feeding problem with
mental and physical retardation, enlarged
liver, aminoaciduria, albuminuria, and
galactosuria. Epilepsy and involuntary
movements ensue unless treatment is
instituted .

VII. AMINO ACID DISORDERS
a. Phenylpyruvic Oligophrenia.
Phenylpyruvic Oligophrenia.
This is a recessively inherited congenital
disease affecting both sexes equally, and
producing mental deficiency. Biochemically, there is an inability to metabolize
phenylpyruvic acid resulting in an accumulation in the tissues and an excretion in the
urine of phenylpyruvic and phenylacetic
acids. Clinically, 80 % of these patients
present with fair hair, blue eyes, widely
spaced incisor teeth, a stiff g ait and
exaggerated tendon reflexes.

VIII. PITUITARY AND ADRENAL
DISORDERS
a. Anterior Pituitary.
1. Tumor.
2. Acromegaly.
3. Panhypopituitarism.
b. Adrenal Cortex.
1. Addison's disease.
2. Adrenal cortical hyperfunction .
Tumor of the anterior pituitary gland.
This produces the effects of a space
occupying lesion resulting in headache
from distension of the sella turcica, reduction of the visual fields from pressure on
the optic nerve, and changes resulting
from a raised intracranial pressure or distol!tion of the base of the brain.

Galactosemia
This is an inborn error of metabolism
in which the liver is unable to metabolize
galactose. This is due to an inherant Jack
of the specific enzyme galactose-1-phos-

MARcH, 1961

Acromiegaly

Two neurological conditions have been
recorded.
1. Carpal tunnel syndrome.
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phic lateral sclerosis.
Panhypopituitarism
Aside from the endocrinological manifestations, some neurological abnormalities
do occur. Clinically, these patients may
develop epi leptiform fits, generalized rigidity, confusion, and stupor. Occasionally,
these patients wind up in a psychiatric
ward or may go into coma as a result of
water intoxication, hypoadrenalism, hypothermia or hypothyroidism.

b. Cerebroretinal Degeneration Associated
With Involvement of the Reticuloendothelial System.
1. Neimann - Pick's disease.
2. Gaucher's disease.
3. Gargoylism.
The cerebral lipids form an important
part of the nervous tissue. Many of the
components have been identified and
specific factions are found in the white
matter and in the myelin sheath.
1. Myelin

Sphingomyelin, cholesterol, cerebroside,
proteolipid, and a 'trace of plasmalogens
are found.

Adrenal cortex
The two most important hormones
secreted are:
1. H ydrocortisone

A glucocorticoid, maintains blood
pressure, renal function, and extracellular fluid volume.
2. Aldosterone

Produces retention of sodium and
excretion of potassium.
Addison's Disease
This disease is due to a hypofunction of
the adrenal cortex. There is a decrease of
serum sodium and an increase of serum
potassium. The increased potassium may
produce restlessness and convulsion .
Adrenal Cortical Hyperfunction
There is a very rare, benign, functioning
adenoma of the adrenal cortex which
produces a pure hyperaldosteronism, resulting in an increase of sodium and a
decrease of potassium in the plasma. Clinically, one sees a flaccid paralysis due to
the hypokalemia. It has been suggested
that some cases of familial periodic paralysis may be due to hyperaldosteronism,
and that the sodium retention may be more
to blame than the potassium depletion.
IX. LIPID DISORDERS
a. Cerebroretinal Degeneration
1. Tay-Sach's disease
2. Batten's disease.
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2.

Axis Cylinder and Nerve Cell.
Lecithin, cephalin, ganglioside and a
trace of cholesterol are found.

These components as listed above are
found deficient in varying combinations in
the neurol ipidoses, as classified above. The
neurolipidoses are prog ressive cerebral disorders with dementia as a common denominator. These people exhibit a classical
tetrad of symptoms.
1. Dementia which is a relentlessly pro-

gressive cerebral disorder.
2. Blindness.

3. Spastic paralysis.
4. Epilepsy.

All four features are not necessary, but can
occur in varying degrees and combinations.
Tay-Sach's Disease
The classical finding is the cherry red
macula. Ganglion cells of the brain and
retina are swollen by lipid droplets with
demyelination occuring as a secondary
process to cell damage. The optic nerve
undergoes degeneration secondary to nerve
cell loss.
Batten's Disease
· This is essentially the same as T ay-Sach's
disease with ·the exception of sparing of
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the macula; consequently, there is no
cherry red macula. This also tends to
develop later in life than Tay-Sach's.
Neimann - Pick's Disease
The reticuloendothelial system is chiefly
affected. The maturing brain is rarely affected, and sphingomyelin is the lipid
stored to excess.
Gaucher's Disease
This also affects the reticuloendothelial
system primarily. If the nervous system is
affected, this is the least severe of the
neurolipidoses. Cerebroside is the lipid
stored to excess.

overcome. The real problems with these
disorders occur in the underdeveloped
countries of the world where a well-rounded diet or vitamin supplement is not
readily available. Some metabolic disturbances, such as hypocalcemia, are manifestations of other disease entities, and the
symptomatology of the calcium depletion
should instigate a search for the primary
causative factor. Numerous other disorders
of a metabolic nature cannot be readily
remedied or remedied at all. It is in this
field t hat research plays a vital role, for
until an adequate therapy can be offered
these people, the diagnosis of their affliction becomes a mere academic exercise,
even though the clinician feels wise in the
fact that he has diagnosed a rare entity.

Gargoylism (Hurler's Disease)

REFERENCES

The mental deficiency of these people is
a result of destruction of the cytoplasm
within the nerve cells as they are crowded
by the deposition of granular marterial.
There has been foun d to be an increase of
gangliosides in the brain and the deposition of mucopolysaccharides in other parts
of the body such as the cornea, mitral
valve, liver, spleen, lymph nodes and bone.

SUMMARY
Many of the metabolic diseases which
affect the nervous system are rather rare
diseases in North America, yet one should
be aware of them. Many of the disord ers
such as occur due to nutritional deficiencies are preventable or can be readily
AlKALINE PHOSPHATASE OF
MATURE NEUTROPlflLS IN
VARIOUS "POLYCYTHEMIAS"
W . J. Mitus, et al., New Eng.
Vol. 260, May 1959.

J.

occasionally found in certain tumors; and
in "stress erythrocytosis".
Med.

These authors studied the levels of this
enzyme in the mature granulocytes of
polycythemia vera; polycythemia secondary
to congenital heart disease, chronic pulmonary disease and the erythrocytosis
MMCH,

196J·

Cummings] . N. and Kremer M .: Bio~hemi~al
AJpe~ts of Neurologi~al Disorders, Blackwell
Scientific Publications, Oxford, 1959.
2. Duncan, G. G .: Disease of Metabolism, W . B.
Saunders Company, Philadelphia, 1953.
3. Greenberg, D . M . and Harper H .: Enzymes in
H ealth and D isease, Charles C. Thomas Publisher, Springfield, Illinois, 1960.
4. Harrison, T. R. : Prindpa/s of Internal M edidne, M cGraw-Hill Boolc Co. Inc., New York,
1959.
5.Himwich, H . E.: Brain Metabolism and Cerebral Disorders, Williams and Wilkins Publishers, Baltimore, 1951.
6. Hsia, D .: Inborn Effors of Metabolism,
Chicago Year Book Publishers, Chicago, 1959.
7. Mautner, H .: M ental Retardation, Pergamon
Press, New York, 1959.
8. Mdlwain H .: Bio~hemistry and Th e Central
Ner11ous System. ] . A. Churchill Ltd., London,
1955.
9. Tredgold, R. F. and Soddy K.: Tredgo/d's
Text-Book of M ental Defiden~y. Baillere,
Tindall and Cox, London, 1956.
1.

The alkaline phosphatase of mature
neutrophils in polycythemia vera was always high, whereas it was normal in the
other g roups. This test may be reliable
in differentiating polycythemia vera from
other polycythemias, provided other causes
of increased alkaline phosphatase, such as
severe infection are excluded.
Eugene M. Biagioni, '61

89

Emergency Diagnostic
•
Procedures m the Comatose
or Unconscious Patient
IVAN A. BRACALENTI, '61

INTRODUcriON
Coma, like other emergenc ies, ca lls for a wide knowledge, quick th inking,
normal judg ment, prompt and proper action. Ther e may be no second chance. The
purpose of this presentation is to outl ine a rational plan of manag ement which
may prevent errors, especiaHy those of omission. T he more s ig nificant find ings
of a history, physical exam inati on and laboratory tests wi ll be desc ribed.

DEFINITIO N
The state of consciousness varies from
normal consciousness to coma.

( 1) Normal consciousness is a state in
which a person is responsive 1to psycholog ical stimul i and indicates by h is
behavior and speech that he has the
same awareness of himself and his
envir·o nmen t as ourselves.
( 2) Coma is a state in which the patient
appears to be asleep but is at the same
time incapable of sensing or respond ing adequately to either external or
inner needs. Coma may vary in degree
and in its deepest stages no reaction
of any kind may be obtainable, even
to painful stimuli.
Confusion, delirium and stupor are intermediate states between normal consciousness and coma.

INCIDENCE
Approximately 5% of the total number
of patients admitted to a large general
hospital as emergencies are in coma. Only
a few attempts have been made to study
the rela:tive frequency of the diseases causing coma. In a recent small series ( 1955) ,
the distribution was as follows :

Alcohol poisoning
Trauma
Cerebral Vascular Accidents
Exogenous poisons

59%

13%
10%
5-10%

The most extensive study, a total of
1,167 patients, was in 1933 from Boston
Ci ty Hospital. This was before the introduction of most of the sulphonamides and
antibiotics. The alcoholic population in the
area was larger than usual. The distribution
was:
Alcohol p oisoning
Trauma
Cerebral Vascular disease
Poisoning
Epilepsy
Diabetes
Mening itis
Pneumonia
Card iac decompensation
Exsanguination
C. N. S. syphilis
Uremia
Eclampsia
Miscellaneous

59%
13%
10%
2.8%
2.4%
1.7%
1.7%
1.7%
1.4%
0.9 %
0.6%
0.6%
0.6%
3.2%

ETIO LOGICAL CLASSIFICATION
In order to make a diagnosis one must
think of all the possible causes. The classification presented, is fairly complete yet
simple.
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A. Intracranial
(1) TRAUMA
(a) Concussion
(b) Contusion
(c) Laceration
(d) Hemorrhage
(e) Extradural Hematoma
(f) Subdural Hematoma
( 2) CEREBRAL VA CULAR
(a) Cerebral Thrombosis
(b) Cerebral H emorrhage
( c) Cerebral Embolism
(d) Cerebral Thrombophlebitis
(e) Subarachnoid H emorrhage
( 3) INFECTIONS
(a) Meningitis
(b) Encephalitis
(c) Brain abscess
(d) Cerebral Malaria
(e) Tuberculosis
(f) Lues
(4)

EOPLA M

(5) EPILEPSY

B. Extracranial
(I) METABOUC

(a) Hypoglycemia (blood sugars repeatedly
below 50 mg.)
( i) insulin overdo e
( ii) islet cell adenoma
(iii) Addi son's D isease
(iv) Terminal Liver D i erue
(b) D iabetic acidosis
(c) Kidney failure (Uremia)
(d) Live.r failure
(e) Avitaminosis
(i) Wernicke's Encepholopathy
( ii) pellagra
(iii) scurvy (Subdural Hematoma)
(f) Myxedema coma
(g) Water intoxication
(2) DRUGS AND POISONS
(a) Alcohol (methyl and ethyl)
(b) Barbiturates and opiates
(c) Carbon monoxide
(d) Arsen ic, lead, bromides, ethylene,
glycol and others
(3) CARDIOVASCULAR COMA
(a) Vasovagal syncope (when a per on does
does not recover with fall)
(b) Hyper ensitive carotid sinus
(c) Post-tussis syncope
(d) Shock
(e) Stokes-Adams syndrome
(f) Myocardial infarction
(g) Hypertensive encephalopathy
(4) PHYSICAL AGE TS
(a) Electrofusion
(b) D rowning
(c) Asphyxia
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(d) H eat or cold shock
(e) Heat stroke
( 5) PSYCHOGE IC
(a) Hysteria
(b) Catatonic schizophrenia
(c) D epression stupor

PLAN OF PROCEDURE
I. Preliminary Examination
II. Institution of First Aid Measures
III. Diagnosis
(a) History
(b) Physical Examination
(c) Laboratory Tests and Other
Investigative Procedures

I. PRELIMINARY EXAMINATION
In certain instances the diagnosis is
obvious, e.g. a previously healthy person
was struck on the head, and definitive
t reatment can be instituted immediately.
However, when the diagnosis is unknown
and the patient seen for the first time, certain simple therapeutic measures take precedence over diagnostic procedures. A
rapid preliminary examination which the
experienced physician can complete in a
minute or so precedes these measures.
Such an examination includes:
(i) Color (pallor,
mottling)

cyanosis,

rubor,

(ii) Presence or absence of sweating,
salivary froth, vomitus, hemorrhage, urine and feces.
(iii) "Vital" functions i.e. palpable skin
temperature; rate, force and character of the pulse; the rate, depth
and regularity of respiration; the
level of blood pressure.
(iv) Gross estimate of the patient's capacity for response.
(v) Cursory examination can be terminated by testing for nuchal rigidity; palpating the abdomen for
evidence of tenderness, spasm, masses, herniae and distension, and
surveying the long bones and thoracic cage for fractures .
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The possibility of concealed hemorrhage within the chest, abdomen,
cranium and thighs should be
entertained until excluded by
further findings.

ll. INSTITUTION OF FIRST AID
MEASURES
The two circumstances that demand
prompt treatment are impending asphyxia
and active hemorrhage.

If the asphyxia is due to obstructive
mechanisms such as secretions, vomitus or
blood the patient should be placed prone
with the head turned to one side and the
air passages cleared with a French catheter.
The use of a plastic oropharyngeal airway
laryngoscopy and bronchoscopy or even
tracheotomy may be indicated . When asphyxia is due to asphyxiants or poisons
(drugs, toxins, poisonous gases) artificial
respiration and oxygen must be promptly
instituted.
Active hemorrhage may be controlled
by digital compression, pressure dressings,
hemostatic clamps, or direct ligation and
closure.
Shock is treated after respiration and
hemorrhage have been controlled. Gastric
lavage may be carried out immediately
(after intubation) if it is known that a
poison or drug has been swallowed. Ten
to 20 mi. of normal saline are used to
obtain specimens of fairly high concentration to send to the toxicology laboratory
for analysis.
These early first aid measures are usually
first instituted before definitive treatment
or lengthy diagnostic procedures are
undertaken.

III. DIAGNOSIS
The same principles apply to the diagnosis of coma as for any other disease.
Diagnosis may be made by the con ideration of the relative fre9uency of the
causative factors, a complete history and
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physical examination, and the intelligent
use of laboratory tests and ancillary
measures.
A. History
A complete rele ant history, when obtainable, will often suffice to make a
diagnosis or limit the number of probable
causes. One should gather all possible
information from all possible sources.
Never allow relatives, friends or witnesses
to leave without being thoroughly questioned.
Specific enquiry is made about the
mode of onset, recent changes in behavior,
signs and symptoms, previous health and
disease and other ci rcumstances leading to
the patient's present condition. Some of the
more helpfu l points in a history and the
conditions in which they occur are
tabulated :
(a) Age
-young - infection (meningitis; pneumonia)
- old - cardiac, cerebral vascular lesions,
uremia
(b) b ljllry
-trauma
- hemorrhage

(c) Previous "Shocks or Strokes"
- cerebral vascular lesions
(d) Commlsions
- Epileptic coma
-eclampsia
- encephalitis
- cerebral tumor
- urem ia
- hypoglycemia
- meningitis
(e) High blood pres111re
- cerebral vascular lesions
- cardiac decompensation
- uremia
- eclampsia
( f ) Recent infecliotl

- pneumonia
- meningitis
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- encephalitis
-diabetes
-uremia
(g) Headache and Vomiting

- meningitis
- subarachnoid hemorrhage
-tumor
(h) Stiffness of neck
- meningitis
- cerebral vascular lesions
(i)

DiabeteJ
- diabetic coma
- hypoglycemia shock

(j)

Pregnancy
-eclampsia
- ruptured ectopic pregnancy

(k) S11icide AttemptJ or Dmg Ingestiou

-poisoning
(I)

Vacations or Tripi
- Malaria (malignant tertian)

B. Physical Examination

The patient should be examined carefully and repeatedly. Complete records of all
findings with their more frequent causes
are listed :
(I) "Vital" Signs
(i) Pulse
(a) Very slow pulse
- heart block
(b) Slow and good volume
- cerebral vascular lesions
-myxedema
(c) Normal
- barbiturate poisoning
- hypoglycemia
(d) Rapid and thready
- hemorrhagic shock
- diabetic coma

(ii) Tempera/tire
It is normal in most comas.
(a) Hyperthermia
- diabetic coma (due to infection)
- subarachnoid hemorrhage
MARCH ,
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- infections
(meningitis
pneumonia)

and

(b) Hypothermia
-myxedema (very low)
- alcoholic and barbiturate
poisoning
- dehydration
- peripheral circulatory failure
( iii) Respiration
(a) Slow and shallow
- barbiturate and morphine
poisoning
(b) Deep and rapid
- diabetic ketosis (Kussmal
Respiration)

-Uremia
(c) Cheyne-Stokes
- increased intracranial pressure
and brain damage
- terminal uremia
(iv) Blood Pres111re
(a) Marked hypertension
- cerebral hemorrhage
- hypertensive encepholopathy
- increased intracranial pressure
(b) Hypotension
- internal hemorrhage
- diabetic coma
- alcohol or barbiturate intoxication
(2) Skin

(a) Pale
-shock
-myxedema
(b) Hyperemic face
- alcholism
(c) Jaundice
- liver failure
(d) Muddy complexion
- uremia
(e) Cherry tint
- carbon monoxide poisoning
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- Addison's Disease
(g) Nevi and Telangiectasis
- associated with brain malformations
Spider Nevi - Liver disease
(h) Xanthomata
- diabetes
(i) Maculohemorrhagic rash
- meningococcal infection
- staphylococcal endocarditis
- typhus
- Rocky Mountain spotted fever
- hemorrhagic disorders
(j) Injection marks
- not usually visible in diabetes
- infected marks in addict

(k) Texture of skin and hair
- dry and brittle in myxedema
- fine and scanty in hypopituita rism
-dry and elastic in diabetic coma
marked sweating in hypoglycemia
( I) Cyanosis
- methemaglobinemia (nitrate ingestion)

( 3) Head and Neck

(c) Very large pupils
- Alcoholic poisoning
- Carbon monoxide poisoning
- Cerebral vascular accidents
(d) Unilateral dilation and fixation
- compression of third nerve
(e) Nystagmus
- in all directions - Barbiturate
stupor
-unidirectional - Vestibular nuclei involvement
(iii) F11nd11J
(a) Papilledema
- increased intracranial pressure
( b) Diabetic or hypertensive retinopathy
( iv) Breath odor (for the experienced physician with a keen sense of smell)
(a) Alcohol
- beware of other causes coincidental to it
(b) Acetone (spoiled fruit odor)
- Starvation
- Diabetes
- Children with disease other
than Diabetes
(c) Uniferous odor
-Uremia
(d) Fetor hcpaticus
- odor like "P.M." room

(i) Inspection

(a) Leakage of C.S.F. or blood from
ears or nose
( b) Ear infection
(c) Marks of biting on tongue
(d) Depressed skull fractures (palpate through lacerations)

(4) Examination of Chest
Cardiac and respiratory abnormalities
may be incidental findings or related to
the cause of coma.

(a) Gross disparity in size
- certain intracranial lesions

(5) Examination of Abdomen and Pelvis
These areas are exam ined for marks of
injury, rigidity, distension, palpable masses
and hematocele.

(b) Contracted pupils
- pontine hemorrhage
- opium intoxication

( 6) Neuromu.scular Examination
(i) Behavior
(a) Attempted suicide

(ii) P11pils
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(v) Nuchal Rigidity
- Meningitis
- Subarachnoid hemorrhage
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- noncommunicable because of
resentment, shame or deep despair.
(b) H ysteric
-may not speak, but if patient
does, may demand to know who
or where he/ she is.
(c) Schizophrenic
- stares blankly and g1ves inappropriate replies .
(d) Intracranial lesion
- causes dysphasia which can be
differentiated from slurred
speech of barbiturate and alcoholic poisoning and hypoglycemia.
(e) Alcoholism, Post-epileptic state
and Hypoglycemia
- associated with noise and violence
- Hyploglycemia.
(ii) Posture
(a) Cerebral Hemorrhage
- head and eyes deviated to the
side of the lesion.
( b) Men ingeal irritation
- sustained opisthotonus and neck
retraction.
(c) Decerebrate rigidity
- extended arms and legs and
opisthotonus.
(iii) Presence or abwue of Paralysis
(a) Puffing of one cheek on expiration suggests facial palsy.
(b) Lift the limbs and allow to fall
(i) paralyzed limb falls heavily
(ii) non-paralyzed limb sinks
g radually
(i ii) in very deep coma, all limbs
may fall heavily.
(c) Noxious stimuli will cause withdrawal of non-paralyzed limbs,
but paralyzed limbs will remain
inert.
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( iv) T mdon & flexes
They are decreased or absent in most
forms of coma, but a marked inequality
suggests a focal cerebral lesion.
(v) Spo1Jtaneous M ovemmts
(a) Twitching
- Uremia
(b) Flapping tremor
- Liver failure
(c) Fine tremor
- Muscle twitching
- Hypoglycemia.
- Athetotic movements
(d) Shivering
- Pontine hemorrhage
(vi) Gmeral.ized Fits
See previous list for convulsion
( 7) No examination is complete without
a rectal examination.
C. Laboratory Aids

The possible causes of coma vary widely
and equivocal physical signs often appear
to make the problem more complex. Laboratory aids are very useful in exploring
the causes of coma, but t hey never replace
clinical skill and judgment. Specimens of
vomitus or of any substance which the
patient may have ingested should be kept.
The laboratory tests and findings listed
below are the ones most generally useful .
It is a good policy to obtain urine, blood
and cerebrospinal fluid as soon as possible,
even before the completion of the physical
examination.
I. Urinalysis
Urinalysis will be conducted in every
case. The specimen will, of necessity, be
a catheter specimen. The volume of urine
obtained varies g reatly. Anuria is a grave
sign and can occur in any condition of
prolonged unconsciousness, especially nephritic or hepatic coma. However, a diag-
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several hours have passed.
Rapid evaluation of the urine can be
accomplished with t he use of dinistix,
ketostix and albustix or corresponding
tablet preparations. More accurate results
will be obtained later from elaborate
laboratory procedures.

The normal amount of sugar present in
the urine is too small to be detected by
usual t ests. Diabetes mellitus is the most
common cause of sugar in the urine.
Glucosuria does not necessarily exclude
insulin shock. The urine may have been
formed before the insulin reduced .the
blood sugar levels below the renal threshold . Physical examination usually d ifferentiates these. Acute increases in intracranial pressure, renal glycosuria and nephritic coma are other frequent causes
of glucosuria.
(B) Ketonuria

II. Blood Examination
(A) Glucose

bzcrease
Values above 200 mg. are practically
diagnostic of diabetic coma. Transient
increases, as occur with increased intracranial pressure, disappear before the
patient is examined.
Decrease
Insulin shock usually produces low
levels of about 30 to 50 mg. Lower levels,
which cannot be estimated by ordinary
means may occasionally occur. Hypoglycemia may be present in hepatic coma.
(B) Non-Protein Nitrogen

Ketones in the urine are normally
undetectable by the usual tests. Common
causes of ketonuria are:
(i) Diabetes mellitus
(ii) Starvation due to any cause such as
gastrointestinal disturbances with
diarrhea and vomiting, and febrile
disease with dehydration and malnutrition
(C) Albuminuria
The more common causes of albuminuria
are:
(i) Functional albuminuria
hepatic

(iii) Meningitis and any coma preceded
by a period of fever
(iv) Drug or chemical poisoning (especially heavy metals, mercury, bismuth and lead)
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The presence of red blood cells and
cellular casts in the urine usually marks
only the nephritic type of coma.

Normal Values : AC= 80-120 mg. %
(Folin-Wu)
PC= 130-160 mg. %

(A) Gl11cosuria

(ii) Diabetic, nephritic and
coma

(D) Hematuria

Normal values ( colorimetrically measured
to 35 mg. %-

= 25

Increase
Values above 100 mg. per 100 ml. are
characteristic of nephritic or uremic coma.
In suspected hepatic coma, the blood urea
nitrogen (normal is 9 to 15 mg. % ) should
also be determined, since a low urea level
with moderately elevated non-protein
nitrogen is typical of acute yellow atrophy
of the liver.
Slight increases may occur in forms of
coma not related to the kidney primarily,
but due to associated renal vascular lesions,
hemoconcentration, and acute renal failure
from shock.

L>ecreases occur in :
(i) normally in pregnancy
(ii) low in eclampsia and pre-eclampsia
(iii) acute hepatic insufficiency
(iv) extreme emaciation
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(C) Bicarbonate Combining Capacity
Normal values

(titrimetric method) =

25 to 30 mEq./L. (55 to 70 volumes%).

Extreme degrees of acidosis or alkalosis
can be the underlying cause of coma. The
bicarbonate combining capacity along with
the clinical picture will give one adequate
information as to the presence or absence
of alkalosis and acidosis. This information
will aid in diagnosis and in establishing a
rational basis for therapy.
Acidosis is common in :
(i) diabetes mellitus
(ii) chronic pulmonary disease
(iii) morphine narcosis
(iv) renal failure
( v) starvation
Alkalosis is common in :
(i) high intestinal obstruction
(ii) hyperventilation syndrome

The neuromuscular irritabifity and tetany at .times associated with alkalosis may
assist in the clinical diagnosis.
(B) Serum Electrolytes

Sodium, calcium, chloride, potassium
and phosphorous are not too useful in
diagnosis, but do provide valuable information for therapy.

(E) White Blood Cell Count
Differential count, hemoglobin and hematocrit will demonstrate anemia, hemorrhagic shock, bacterial or other infections.
Stained blood smear can be carried out
if necessary in suspected cases of malaria
or lead poisonings.
(F) Toxicology
The toxicology laboratory can carry out
special tests for poisons e.g. alcohol, bromide or barbiturate poisonings.

lll. Cerebrospinal Fluid (CSF)
A diagnostic lumbar puncture can be
carried out on all patients, except those
MARCH, ..1961

with a bloody spinal fluid discharge from
the orifices or prominent "choked discs" .
A total of 12 mi. in 4 ml. fractions of CSF
should be collected .
( A) Clarit;

Normal CSF is dear. A "ground glass"
to frankly cloudy fluid warrants a working
diagnosis of pyogenic or infectious meningitis. A cell count, smear and culture
should be carried out to aid in resolution
of the differential problem.
( B) Color

The CSF is normally colorless. A pale
yellow to deep orange or orange brown
color is an indication of cerebral hemorrhage. Xanthochromic fluid may sometimes
result from tumor in the posterior fossa.
( C) Blood In The CSF

Blood in the CSF may range from
slight (pink) to severe (grossly red). Progressively clearing fractional specimens
indicate possible bleeding due to the lumbar puncture itself. If in doubt, the specimen should be centrifuged and if the
supernatant fluid is xanthochromic the
hemorrhage was present prior o lumbar
puncture.
Causes
(i)
(ii)
(iii)
( iv)

are:
cerebral trauma
apoplectiform hemorrhage
hemorrhage into a tumor
rupture of an intracranial aneurysm

(D) Presmre of Spinal Fluid

Increase in pressure is not too significant
and only excludes degenerative disease.
(E) Cetls

The normal cell count is 4 to 10 lymphocytes per cubic rom. Moderate pleocytosis (20 to 300 cells) predominantly
lymphocyte or mononuclear is found in:

97

--Emergency Procedures in the Utzconscious Patient-----(i)
(ii)
(iii)
(iv)
( v)

trauma
vascular "accidents"
neoplasm
chronic brain abscess
infections of viral origin.

Acute purulent meningitis is characterized by over 1,000 per cu. mm. with
polymorphonuclears predominiating.

(F) Smear
A smear using Methylene blue or Gram
stain leads to identification of the pyogenic, yeast or mycotic infections as causes
of meningitis and aids in prescribing
appropriate anti biotics.

(G) Glucose
The normal value is 45 to 65 mg. per
100 mi. The glucose value is normal in
all non-infectious diseases of the CNS,
except in trauma with disruption of the
blood-brain barrier. A decrease occurs in
meningitis due to bacterial infection. A
moderate increase occurs in viral infections
(H) Chlorides

The normal chloride value of the CSF is
700 to 750 mg. per 100 ml. A decrease
below 600 mg. is highly suggestive of
tuberculous meningitis. If a pellicle is
found it should be appropriately stained
for tubercle bacilli followed by intensive
x-ray searches for a tuberculous lesion. A
guinea pig innoculation should be carried
out.

(I) P1·oteins
The normal protein value is 15 to 35
mg. per 100 ml. Moderate increases (50
to 200 mg.) occur in:
(i)
(ii)
(iii)
( iv)

traumatic encephalopathy
neoplasm
cerebral vascular disorders
several virus infections

An increase of over 1,000 mg. per 100
ml. is not uncommon in vascular tumors.
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IV. ECG
ECG is indicated with abnormal cardiac
findings.

V. EEG
EEG may ha e a place in distinguishing
organic cerebral disease from functional
disorders.
VI. X-Rays
X-Rays whenever indicated, are very
u eful in traumatic skull injuries and m
chest and abdominal abnormalities.

VII. Gastric Lavage
This procedure is used in cases of poisonings but is useless after four hours.
Aspirated contents are sent for chemical
analysis.
SUMMARY
The differential diagnosis of a patient
in coma may be very difficult. A rational
plan of approach may assist one considerably in making an early and accurate
diagnosis.
Such a plan would include:
I. a preliminary examination,
II. the institution of first aid measures,
III. a complete history and physical
examination,
IV. the judicious use of laboratory
tests and ancillary aids.
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Edema
BRIAN H. MAYALL, '61

INTRODUCfiON
Edema is a symptom that includes the older term, dropsy. It defines any
abnormal accumulation of fluid in body tissues. Specifically, it refers to an excess
of extracellular fluid in the interstitial spaces and/ or in serous cavities. This may
be localised or general. Examples of this are: ascites, indicating accumulation of
serous fluid in the peritoneal cavity ; hydrothorax, in the pleural cavity; and
hydro-pericard ium, in the pericardia) cavity. Anasarca refers to severe general ised
edema.

Historical
Dropsy has been regarded as an outstanding problem since the beginnings of
medicine. It is mentioned in the Ebers
Papyrus and on the clay tablets of medical
prescriptions of ancient Assyria. Modern
nutritionists have noted with satisfaction
the report that 2,300 years ago, Heraclitus,
disgusted wi th mankind, retired to the
mountains, lived on herbs and vegetables
alone, acquired dropsy and died. The
Hippocratic writers discuss it at length.
They regarded it as a liquification of the
tissues brought about by some malady of
the spleen, and treated it by laxatives, and
by abdominal punctures when there was
much ascites. Others thou~h.t dropsv was
due to a disorder of the liver, which, no
doubt, was frequently the case.
In 1275, Saliceto mentioned an association of dropsy with scanty urine and
hardened kidneys. Yet 500 years later,
even William Withering did not recognize
the distinction between cardiac dropsy,
against which the foxglove was so efficacious, and renal dropsy.
It was not until Bright, in 1836, published the results of his investigations into
the cause of dropsy in patients with albuminous urine that dropsy was re::o.gnized
as a symptom common to many disease
pictures. Present concepts of the mechanisms involved in edema formation still
rest largely on the work of Starli ng. In
1896, he first clearly demonstrated that
the balance between hydrostatic and osmo-
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tic forces determines the movement of
fluid through the capillary walls.
PHYSIO LOGICAL CONSIDERATION S
Two conditions must be fullfilled in
order that generalized edema may develop:
1) The rate at which fluid enters the tissues from the bloodstream must exceed the
rate at which it leaves the tissues, and
2) the fluid output of the body must be
less than the fluid intake.
1. The first of these conditions obviously involves a disturbance in Starling's
equilibrium governing the distribution of
extracellular fluid between the vascular
system and the •tissue spaces. The epithelial lining of the capillaries is freely permeable to water and to plasma crystalloids.
However, it is impermeable to the plasma
proteins and other colloids, which therefore exert an osmotic effect. Albumin is
the smallest protein and, therefore, the most
active osmotically. Hence, the equilibrium
is between the excess hydrostatic force
within the capillaries, tending to force
fluid out, and the excess capillary colloid
osmotic pressure tending to draw it back
in again. As there is a hyd rostatic pressure
g radient within the capillary, there is a
loss of fluid at the arterial end, and a pain
at the venous end. The mean capillary
pressure is slightly greater than the mean
osmotic pressure, so that there is a net
loss of about 2% of the fluid from the
capillaries. This fluid is returned to the
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---Ed~a------------------------------------------main circulation by the lymphatic system
together with the small amount of protein
that normally leaks into the interstitial
spaces. There are five ways in which the
equilibrium can be disturbed so as to lead
to the formation of edema:

cause. The decreased excretion of water
and salt by the kidney is then only a
manifestation of the operation of the
body's normal homeostatic mechanisms to
maintain blood volume and plasma
osmolarity.

a. Increased hydrostatic press11re-as in congestive heart failure, renal edema, venous
occlusion, inflammation, ascites in chronic
liver disease.

When edema is formed, there is a redistribution of the extracellular fluid and
electrolytes at the expense of the intravascular fluid. This tendency towards vascular hypovolemia stimulates the blood
volume receptors. The location of these
receptors is not known with certainty
(indeed the whole mechanism controlling
the volume of the blood is still not fully
known) , but the most important ones are
probably located on the great vessels within the thoracic cavity, and possibly also
on the left atrium. These send impulses to
the hypothalmus, which then initiates
both sodium and water retaining mechanisms
and possibly also activates the
" thirst" centre.

b. Decreased osmotic press11re in hypoalbflminemia-as in malnutrition, especially
Kwashiorkor, Pellagra and wet Beri-Beri,
malabsorption diseases, chronic liver
disease, burns, and the nephrotic syndrome.

c. Increased capillary permeability--as in
generalised allergies and hypersensitivity
reactions (e.g. acute glomerulo-nephritis,
anaphylactoid reactions, etc.), inflammation, local trauma, frost bite, burns,
tissue anoxia, circulating toxins, scurvy,
angio-neurotic edema, and hydrops fetalis.
d. Increased tiss11e osmotic press11re-as in
myxedema, and inflammation.
e. Impaired lym phatic drainage and lymphedema-as in filariasis, neoplasms,
trauma, Milroy's disease, and inflammation.
In any given edematous condition, one
or more of these disturbances must occur
as indicated. Furthermore, the tissue tension of different parts of the body will
determine the distribution of the edema,
other things being equal.
2. It is obvious that for generalized
edema of any significant degree to develop,
there must be an imbalance between fluid
intake and output. This is spoken of as the
renal factor and it may be either primary
or secondary. The renal factor is primary
when edema is due to some defect of the
kidney or to some abnormality of the
mechanisms controlling the excretion of
water and sodium by the kidney. In all
other cases of edema, the renal factor is
only secondary to some other underlying
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The sodium retaining mechanism is probably more directly concerned with the
control of blood volume. The hypothalmus
stimulates the adrenal cortex to produce
more of the salt retaining hormone, aldosterone. The pathways may involve both
direct nervous control, and also indirect
control, possibly through an aldosterone
secretion stimulating hormone produced by
the enigmatic pineal gland. Simultaneously,
the hypothalamus also stimulates the plasma
osmotic pressure maintaining mechanism,
which will be further stimulated by any
hypernatremia that occurs, and antodiuretic
hormone (.A.D .H.) is secreted by the
neurohypophysis.
The kidney is then acted upon by
aldosterone and .A.D.H . to cause increased
tubular reabsorption of sodium and water
respectively. These mechanisms for retaining sodium and water may be further
aided by anything which tends to lower
the glomerular filtration rate, particularly
as occurs in shock-like states.
These considerations explain why in all
states of generalized edema, except those
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ansmg fr<>m primary renal factors, there
is an increase in aldosterone levels. (The
only exception is toxemia of pregnancy,
which is still of unknown etiology). Also,
as this hyperaldosteronism is a secondary
mechanism, generalised edema is usually
not significantly improved by aldosterone
antagonists.

EXAMPLES OF GENERALISED EDEMA
AND THEIR PATHOGENESIS
1. Cardiac Edema

In congestive heart failure, the heart is
unable to maintain an adequate output;
hence, there is venous congestion and a rise
in the venous pressure. This increases the
mean capillary hydrostatic pressure and
edema is formed . The formation of edema
is aided by the tissue hypoxia wh ich accompanies heart failure and increases the
permeability of the capi llary epithelium to
albumin. Indeed , this may be the more
important mechanjsm.
The decreased cardiac output decreases
the effective blood volume on the arterial
side of the circulation and the homeostatic
response to hypovolemia is stimulated.
This is aided by the decreased blood
supply and filtrati on pressure in the kidneys due to the cardiac failure. If the
fajJure becomes chronic, such patient
develop congestive cirrhosis of the liver
and ascites. Edema is then aggravated by
hypoalbuminemia due to the impaired
ability of the edematous gut rto absorb and
the cirrhotic liver to manufacture protein.
2. Renal Edema

This occurs when the intake of fluid and
sodium exceeds the kjdneys' ability to excrete
them. It is seen in the nephritic syndrome,
particularly acute glomemlo-nephritis, in
ac11te renal failr~re, and, occasionally, in patients with chronic kidney disease. It may
also occur when the kidneys retain sodium
in response to endogenous or exogenous
salt retaini11g steroids. This is seen in premenstmaltension and in pregnancy and may
MARCH,
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also occur
therapy.

following

prolonged

steroid

The edema that is seen after shock, and
post-operatively in urgical patients following the over-enthusiastic administration
of intravenous fluid is of similar origin .
In th is case, the partial renal shut-down is
par t of the body's normal defense mechanisms agai nst stress.
These conditions all cause hypervolemia,
increased mean capillary pressure, and,
hence, edema. Classically, this is first seen
around the eyes and in the soft tissues of
the face.
As these diseases p rogress, particularly if
the blood urea level rises, there tends to be
impai red absorption and manufacture of
protein, and hypoalbuminemia contributes
furthe r to the edema. Also, in those conditions which appear to have an allergic or
hypersensitivity reaction as their etiological
basis, the disease usually is not confined to
the kidneys alone. Generalised damage to
the capi ll ary epithelium occu.rs and allows
the ready escape of albumin into the tissue
spaces. This not only nullifies the effect
of the plasma albumin osmotic pressure,
but a! o tends to g ive an edema fluid
wh ich is rich in protein. Both effects tend
to further aggravate the edema, and make
it very recalcitrant to therapy.
The pathogenesis of toxemia of pregnancy
is unk nown but it is probable that both
decreased renal excretion of sodium and
increa ed capillary permeability to albumin
contribute primarily to the formati on of
edema.
The 11ephrotic syndrome produces edema
by a different mechanism. This syndrome
is characterised by massive proteinuria, hypoalbum inemia, hypercholesterolemia and
edema. The massive proteinuria probably
causes the hypoalbuminemia and resulting
edema directly. The formation of edema
results in hypovolemia and stimulation of
the volume maintaining mechanisms.
Hence the neph rotic syndrome is associated
with hyperaldosteronism, in contradistinc101
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a renal basis.
3. Chronic Liver Disease
The disease process in the liver causes
portal congestion and eventually ascites
and edema of the intestinal mucosa. Also,
the ability of the liver to manufacture
protein is impaired by the disease and is
aggravated by the poor ability of the
edematous gut to absorb nutrients . Hypoalbuminemia and generalised edema
develop.

4. Malnutrition
Inadequate supplies of protein or of
vitamins leads to hypoalbuminemia and
edema. Also, in some deficiencies, particularly Vitami n C, there is increased permeability of the capillary epithelium to
protein.
5. Burns
In severe burns, much protein may be
lost through the capillaries leading to
hypoalbuminemia and generalised edema,
as well as the local inflammatory response
to trauma.

6. Myxedema
In hypothyroidism there is deposition
of abnormal amounts of mucoprotein in
the interstitial spaces. This increases the
tissue osmotic pressure and causes edema.

EXAMPLES OF LOCALISED EDEMA
AND THEIR PATHOGENESIS
1. Inflammation

Swelling (edema) is one of the cardia!
manifestations of inflammation. Four factors contribute to its form~tion .- (a) increased capillary pressure as a result of
arteriolar dilatation and venous congestion;
( b) increased capillary permeability due
to direct trauma, to histamine, and to
other neurological and tissue mechanisms;
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(c) increased tissue colloid pressure due to
transudated protein and to the colloidal
contents of necrotic cells; (d) impaired
lymphatic drainage due to coagulation of
protein in the lymphatic vessels.
2. Lymphedema

This occurs whenever there is impairment of the lymphatic return such as with
tumors, filariasis , Milroy's disease, etc.

3. Angioneurotic Edema
This occurs in hives, and is due to local
neurone induced increases in capillary permeability in response to some general
stress.
4. Local Edema
This also occurs with the obstruction of
venous return and is seen with venous
thrombosis, tumors, and in pregnancy.
CLINICAL PICTURE
It is usually impossible t o detect the
formation of generalised edema until the
interstitial fluid volume has increased by
at least 5%. The first manifestation of
generalised edema may be a recent and
rapid increase in weight, a slight fullness
about the face, especially the eyes, or some
swelling of the feet and ankles. As edema
progresses, its detection and diagnosis
should present no problems. The only confusion that is likely to arise is between
chronic edema and obesity. Things to be
noted about the edema include:
1. Time of onset and initial distribution.
2. Rapidity of onset.
3. Present distribution and severity.
4. Nature of edema- whether soft and
" pits" readily on pressure or hard
and "brawny", which is characteristic
of intracellular edema.

Swelling of the ankles is probably the
most common presenting complaint. Patients with pulmonary edema complain of
shortness of breath and cough up copious
amounts of pink foamy sputum.
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The presence of ascites can be readily
diagnosed by demonstrating shifting dullness and a fluid <thrill, and should cause
no confusion with excessive intestinal gas,
abdominal fat, or edema of the abdominal
wall. It should be remembered that ascites
may be due to either portal congestion
or to peritoneal inflammatory reaction to
intra-abdominal malignancy. It may be
impossible <to differentiate ascites from a
large ovarian cyst in the middle aged
woman except at laparotomy.
The diagnosis of hydropericardium and
hydrothorax may be extremely difficult.
However, they should always be considered
in the differential diagnosis of respiratory
or cardiac embarassment, as they may occur
as a result of inflammation without edema
elsewhere. When suspected, the diagnosi
may be confirmed by radiological examination and by paracentesis.
LABORATORY FINDINGS
The laboratory does not offer much
help in the diagnosis of edema, although it
may indicate its underlying cause. However, it is essential to have a full series of
laboratory tests performed on the patient
as soon as possible to give one a baseline
against which the course of the disease
and <the effects of therapy can be measured .

General Tests
1. Weight should be measured frequentl y.

It often gi es a more accurate indication
of the formation of edema or the start
of diuresis than 2.

Hematology
1. Hematocrit - elevation indicates hemo-

concentration and probably hypovolemia.
2. Hemoglobin.

Blood Chemistry
1. Serum Electrolytes: the serum sodium,

potassium, chloride and bicarbonate
levels are most important, as these may
shift very rapidly, and even fatally,
during the course of vigorous diuretic
therapy.
2. Plasma proteins: the total proteins will

usually be near normal, but in edema in
which hypoalbuminem ia is a factor, the
the albumin level is less than 3.5% and
the A/ G ration is usually reversed.
Electrophoresis will confirm the hypoalbuminemia.
3. Serum Cholesterol - markedly elevated

in the nephrotic syndrome.
4. Thymol turbidity, cephalin flocculation
and serum bilirubin.
5. Blood Urea Nitrogen .

Special Tests
Protein concentration of edema fluid - if
greater than 0 .5 0 significant protein
transudation or lymphatic obstruction
has occurred.
Plasma volume and extra.c ellular fluid
volume.
Special Liver Function tests.
Renal Function tests .

2. Fluid balance chart, intake and output
records.

Urine
1. Daily volume - increase probably indi-

cates diuresis.

Electrocardiogram - both to diagnose cardiac failure and to indicate electrolyte
abnormalities.
X-rays for the diagnosis of hydrothorax
and hydropericardium.

2. Specific Gravity.

TREATMENT

3. Protein and Sugar.

The treatment of edema should consist
first of treatment of the underlying cause
and then specific measures for the treat-

4. Twenty-four hour electrolyte and creatinine excretion.
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---Ede~~---------------------------------------ment of the edema. Often it will be imposible to treat the underlying cause, in
which case the patient should be given full
supportive 't herapy and the edema vigorously treated to give symptomatic relief.
As in all forms of therapy, the importance
of the correct attitude by both the doctor
and patient cannot be overemphasized .
General Measures for the Treatment of
Edema
1. Rest forms the basis of treatment of any

edema, together with elevation of the
lower extremities if there is any sugestion
of dependent edema.
2. Digitaliation is essential for any patient

in whom heart failure may contrbute to
the edema. It alone may produce a
diuresis by improving cardiac output, and
it will potentiate the effect of diuretcs.
3. Diet should be well balanced and contain
all essential food factors, especially
Thiamine. When there is hypoalbuminemia, the diet should contain as much
protein as can be tolerated, unles the
patient becomes uremic.
4. ColLoid infllsiom are of use in mobilizing
the edema fluid in all cases when hypoalbuminemia is a factor. Most effective
is the intravenous administration of 25
to 75 g./day of salt-poor concen trated
human serum albumin, but one or more
bottles per day of human plasma or
whole blood may be used , particularly
if the patient is anemic.
5. Press11re bandages may prevent the accumulation of edema fluid in the extremities.
6. S11rgical removal of any lesion causing
venous or lymphatic obstruction.
Specific Measures for the Treatment of

Edema
1. Restricti011 of sodir1m illtake.

For patients with severe edema total
sodium intake should be below 0.5
g. per day.
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2. Restriction of water.

This is not part of t he management
of edema except in cases of severe
oliguric response to the stress surgery, and thus intravenous fluids in
the immediate post-operative period
should be curtailed appropriately.
3. Diuretic Therapy.
This is the most widely used (and
abused) form of treatment for edema.
A great number of different agents are
used, of which a few will be mentioned.

a) Osmotic di11retics - such as urea or
sucrose, act by taking water with them
osmotically as they are excreted by the
kidney. They are not very effective. Urea
is only used nowadays for rapid decompression of the brain in cerebral edema.
b) A cidifyi11g salts - such as ammonium
chloride, induce a metabolic acidosis. The
kidney compensates for this by increasing
its excretion of chloride ion, which takes
along with it some excess sodium and
water. The brisk initial diuresis ceases
within a day or two and prolonged administration may lead to severe acidosis.
Ammonium chloride is most widely used as
an adju ant to therapy with organic mercurcial diuretics. It is likely to precipitate
hepatic coma in patients with severe liver
insufficiency, and therefore should only
be used with great care, if at all, in such
patients.
c) Organic Merwrials - are still the most
powerful diuretics. However, their use is
by no means without danger. They act
by inhibiting the tubular absorption of
chloride ion, and hence their effect is
really that of an osmotic diuresis by chloride ions. Their use, obviously, tends to
cause hypochloremia. However, the addition of ammonium chloride has a synergistic effect that is considerably greater
than that expected from the additional
ions. Mercurials are also increased in effectiveness when they are combined with
xanthine derivatives, which have a milder
diuretic action of their own.

U.W.O. MEDICAL }OURNAL

Mercurials have the disadvantage (or
advantage !) that most of them can only
be administered parenterally. Only the
weaker mercurials, such as Chlormerodrin,
can be taken orally.
There are several dangers inherent in
the use of mercurials. In sensitive patients,
they can lead to an excessive diuresis, with
hyponatremia, hypovolemia and circulatory collapse. Al o, they are by their
natu re nephrotoxic, and if no diuresis follows their administration severe tubular
cellular damage may occur. As with any
diuretic, their prolonged use may lead to
hypokalemic, hypochloremic alkalosis.
Mercurials are contraindicated whenever
there is inadequate renal blood flow,
hemoconcentration, or severe renal insufficiency, and are therefore most widely
used in edemas of cardiac or hepatic
origin.
d) Xanthine diuretics - include theobromine salts, theophylline and aminophylline. They act principally by increasing
the glomerular filtration rate. They are
less effective than the mercurials, but also
much less toxic and may be given to
patients with renal disease.
e) Carbonic anh)•draJe inhibitors- include
acetazolamide ( Diamox) , their best known
example. By blocking tubular hydrogen ion
exchange and the acidification of the urine,
they promote a sodium diuresis and a
large increase in bicarbonate ion excretion
without a corresponding chloruresis. As
refractorinesss develops in about 48 hours,
they should only be used on an intermittent basis. They are very useful, however, for the management of the ambulatory patient.
f) Chlorothiazide - and its derivatives
are the most widely used diuretics. They
are powerful oral agents, comparable to
the organic mercurials in effectiveness.
Their action is probably to selectively interfere with proximal tubular sodium reabsorption. All these agents promote, in
varying degrees, excessive Joss of potassium
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as well, which must be replaced <to prevent
hypokalemia developing. These drugs are
very well tolerated and almost free from
toxic effects although blood dyscrasias,
jaundice and acute pancreatitis have been
rarely reported.
g) Aldosterone inhibitors - the 17-spirolactones, are a group of great theoretical
interest, for, as has been indicated, secondary hyperaldosteronism is a feature of most
extra-renal edemas. They are not nearly as
prompt or powerful as other diuretics, and
their clinical use has been disappointing.
However, they do have the property unique amongst diuretics of not increasing
potassium excretion. They may be useful
in combination with other diuretics when
they have a potentiating effect, especially
in cases of refractory edema. They are
most effective in cirrhosis of the liver,
when the levels of aldosterone may become
very high.
4. Mechanical removal of fluid from sero11s
cavities.
This should be done whenever relief is
not readily obtained by more conservative
management. Thoracentesis may give tremendous relief <to the dyspneic patient, as
may paracentesis to the ascitic patient.
However, one should be aware of the
dangers of too-rapid decompression,
especially of the chest.
Direct incisional drainage of subcutaneous edema through Southey's tubes is
drastic but may help patients with
intractable edema.
5. Anthistaminic dmgs and steroid therapy.

These are useful for angioneurotic
edema. Topical steroids, particularly hydrocortisone cream, are effective against
inflammatory edema.
COMPLICATIONS OF EDEMA
Edema can cause severe and fatal complications and therefore should always be
considered as a serious condition.

105

---Edem~a------------------------------------------1. Heart failure

This may result either from the overloaded circulation and hypervolemia,
which often accompanies edema, or else
from cardiac tamponade due to the direct
mechanical effect of hydropericardium.
2. Intercurrent infection

There is poor nutritional and oxygen
exchange in edematous tissue, which readily become devitalised. Further,. edema
fluid forms an ideal culture medtum for
bacteria. Any infection, even minor, becomes very resistant to therapy and is
liable to progress to a fatal termination in
severe edema, particularly pulmonary
edema. Gangrene is also a frequent complication.
3. Malnutrition
In generalised edema the intestinal
mucosa is also affected, leading to malabsorption and eventually to malnutrition,
which further aggravates the edema. Malnutrition may lead directly to heart failure,
and also decreases resistance to infect ion.
SUMMARY
Edema is a state that occurs in a multiplicity of diverse pathological conditions.
It is a result of an imbalance between the
body's intake and output of water and
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sodium, or else of a disturbance in the
forces of Starling's equilibrium, governing
the distribution of the extracellular fluid .
These disturbances include hypervolemia,
hypoalbuminemia, damage to the capillary
epithelium, increased tissue colloids, and
impairment of lymphatic drainage.
The effective management of any patient
with edema requires an adequate understanding of the underlying disease process.
It is this that should be treated. Frequently,
doing this alone will cure the edema, but it
also may require specific therapy. Bed
rest, salt restriction, and diuretics are still
the main-stay of the treatment of edema.
The dangers of edema, particularly heart
failure, infection and the effects of malnutrition, should not be underestimated. On
the other hand, some patients with severe
edema are able to live useful lives for
many years.
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Book Reviews
The Natural History of Cerebral Palsy,
by Crothers and Paine 299 pp. ill. Harvard
University Press

7.40.

This book is based on a follow-up study
of over 1800 patients with cerebral palsy
who were seen in the neurilogical ward
of a children 's hospital from 1930 to 1950.
Besides a full re-examination of physical
and psychological state, many of the
parents and patients were interviewed at
length regarding development problems
and emotional adjustments .
The authors present a classification of
cerebral palsy with three divisions: spastic,
extrapyramidal and mixed. With frequent
references to the existing literature, the
causes, symptoms, and prognosis of each
type are discussed. In later chapters,
special emphasis is placed on the role of
education, adolescence and occupation in
arious circumstances. The authors feel
that parental attitudes are a major factor
in management, and that success may be
judged by the patient's capacity for competition.
The book is well illustrated with pictures and tables. It provides a good understanding of the difficulties of management
in cerebral palsy and suggests some approaches in minimizing these difficulties.

MARCH ,

1961

The Principles and Practice of medicine.
Edited by Sir Stanley Davidson, IIZZ pp.
ill. 5th Ed. E & S Livingstone ltd ., 6.00.
It is very difficult to sit down to write
a review on a book as excellent as Sir
Stanley D ividson's textbook of medicine.
This book is ideal not only for students
but for practitioners and teachers as we1l.
A textbook as authoritative, concise, and
as easily read as this book will not be put
on a library shelf to gather dust.
The manner in which the field of medicine is presented in this text makes it
very understandable why it is considered
to be a constant companion of the students
who read it. The subject matter in the
book is grouped chiefly according to the
physiological systems in the human body.
The material is very systematically presented as well as being quite adequate
both quantitatively and qualitatively.
Additional illustrations, however, would
certainly be more beneficial to the reader.
This textbook is light, very inexpensive,
compact in size, and well printed. These
aspects of the book, which may seem to
be minor in importance, actually play a
major role when one considers purchasing a text of this sort.
This text, which can be read like a
novel because of its conversation-like
presentation , is useful both clinically and
as a source of reference.
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